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Introduction 
In reviewing European rocketry after World War I, four five-year periods 
may be differentiated: 

1. The period from 1927 to 1931. This we may call the rebirth of 
rocketry, the period of the great theorists and pioncers, the period of 
unrealistic goals and the period of private initiative and frustration. 

2. The second period from 1932 to 1936 we may call the period of 
military initiative, the period of basic and applied research. 

3. The third period from 1937 to 1941 we may call the period of the big 
break, the period of fixing realistic goals, and of the first positive results. 

4. The fourth period from 1942 to 1946, interrupted by the end of the 
Second World War, may be called the period of the first practical application 
of the first mass production. The period of the birth of a new type of 
armament destined to break military superiority of aircraft, the first years 
of the era of guided missiles. 


I don’t know exactly who did it, but, in Europe, shortly after the first 
World War, it was proclaimed as a brand new discovery that the very 
old and almost forgotten rocket could provide mankind with the means to push 
forward into empty space. Up to that time all powered vehicles had used a 
medium like ground, water or air to move forward. Herc, with the rocket, with 
an engine not breathing air and using the reaction principle which works 
independently of its surroundings, providence provided a drive enabling man 
to conquer empty space, to enter the unknown, the universe outside this small 
world. 

I have to concede that the first men who realized this fact and thought about 
such possibilities were idealists. If they did not quarrel with each other they 
only thought about how to advance science or how to expedite human progress. 
In part they had wonderful ideas, imagination and even skill. But when they 
started to force the issue in practice, the trouble started. 

After some years of noisy activity all over Europe, it became amazingly 
quiet again in this field. What happened? What was the reason? None of 

* Presented at the Third Symposium on Space Travel at the American Museum, Hayden 
Planetarium, New York, May 4, 1954. 
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these pioneers and their followers realized the volume of such projects, none of 
them realized the stony way they had to go, none of them could imagine what 
it would cost to come to a first convincing result. One thing was common to 
allof them . . . they had no money. No money to do scientific research work, 
to do exhaustive testing in adequate facilities, to carry on thorough development. 
Forced by lack of money, they fumbled around fusing together first primitive, 
unreliable samples. These dreamers were convinced that private industry, the 
Press, public organizations, or even their Government would give them millions 
and millions of dollars only to bring man out in space, where there is no customer 
to buy man-made products and where no profit could be made. And, since they 
did not see the brutal facts, they failed. 

The rocket, just the same as other great inventions of modern time (e.g. 
atomic fission and fusion, the aircraft, the turbojet, the ramjet, and so on), 
had to find its way into the techniques by its suitability for military application. 
Only by interesting the armed forces, could money be made available to prove 
the theory. It is a pity, but it is a fact. And since the German Army, limited 
in its armament by the Treaty of Versailles, was looking for new weapon carriers 
not prohibited by this treaty, it so happened that they got interested in rockets 
and became their sponsor. The present boom in Rocketry began at that time. 
However, I would like to mention that this boom in Rocketry could never have 
happened, even with the biggest effort of the German Armed Forces, if the time 
had not been ripe. Since the early twentieth century, with the forthcoming 
of cheap mass-produced light metals, with the producibility of highly 
efficient oxidisers which could be handled, and with the development of reliable 
electronic equipment of a high degree of accuracy, the three fundamentals were 
given for the development of modern guided rockets. 

The penalty Rocketry hed to pay for appearing in the military budgets and 
for being called officially “guided missile techniques,” since 1932, is obvious. 
The realization of the idea of man going peacefully up in space, of building an 
artificial Earth satellite circling the Globe like a little moon, for research 
purposes only, and of making exploring trips inside our planetary system, had 
to be postponed indefinitely. Military useful un-manned guided rockets had to 
be developed first. Military requirements had to have top priority. 

I personally think that this is a logical approach. We are now taking a long 
run on solid ground before leaping up into space where rockets really belong and 
where they perform with highest efficiency. We gain experience which we never 
would have gained with another approach. 

Starting in Europe and the U.S.A. approximately 30 years ago, scientists, 
engineers, and, up to that date, unknown writers, suddenly wrote and published 
many scientific books and popular articles predicting the dawning age of 
Rocketry. Others, without caring too much about a sound and scientific 
approach, painted a vivid picture of man’s conquest of space by means of multi- 
stage liquid fuel rockets, of trips to the Moon and to the planets. Flight paths 
to Mars and Venus were calculated up to the sixth decimal place. Young people, 
students, engineers, technicians capable of enthusiasm, founded societies and 
clubs all over Europe, publishing periodicals and engulfing in hot discussions 
about the question whether the first trip should be made to Mars or Venus. 
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That a reaction power plant, i.e. a rocket, would be the only drive to prsh 
forward into the void of space, was nothing new. Newton set up his third law 
of motion almost 200 years ago; but could this theory really be proven by fact ? 
What was the status of the art in reaction power plants at that time ? Was the 
time really ripe for the fulfilment of the eternal dream of mankind to go up to the 
stars? What was it that induced scientists who wanted to be taken seriously, 
to discuss in public such “‘fancy”’ projects ? 


Pre-War Experiments by Private Organizations 

What existed in 1927, besides the Fourth of July rocket, was not more than 
very ineffective and unreliable small black-powder solid rockets, used to throw 
a line to a wrecked ship over a range of some hundred yards. That was all. But 
these solid rockets, manufactured at that time by. Friedrich Wilhelm Sander, at 
Wesermuende, Germany, and by Matthew’s in England, were the fundamental 
elements to prove, for the first time in modern history, that rocket power plants 
could provide sufficient forces to drive manned vehicles. 

At that time, in Germany, a group of interested people, Fritz von Opel, 
Max Valier, Sander and Curt Volkhart joined forces, and on March 12, 1928, the 
first manned-car powered by black-powder rockets started its first test run. A 
short time later another improved car of this crew attained at Berlin a speed of 
almost 160 miles per hour for a very short time. A record, but, at the same 
time, a proof that solid rockets were not the right thing, that they were only 
good to give a short sharp push, and that they were unreliable. 

After that Opel and Valicr continued separately. Opel built small rocket- 
driven railroad cars, and made his sensational experiments without any visible 
success. Finally, he switched over to soaring ‘planes driven by black-powder 
rockets. In July, 1928, the first Opel-Sander manned rocket ‘plane took off 
in the Rhoen, a German public proving ground for soaring. As with the cars, 
the result was absolutely unconvincing. 

Valier joined the Heylandt Co. at Berlin, a company which produced liquid 
oxygen for industrial purposes. Here, assisted by engineers of the company, he 
started to develop a small liquid fuel rocket motor using liquid oxygen and 
alcohol as propellants. This power plant he built in a racing car. In May, 1930, 
the motor exploded during an experiment, and Valier was killed. Heylandt, 
himself, stopped all further work on rocket motors. 

Out of lack of understanding of the fundamental capabilities of rocket power 
plants, the first attempt of rocket application in conventional vehicles failed. 
Valier at that time made this prophesy: ‘The rocket ship of the future has to 
grow out of a rocket with wings, not out of an airplane with a rocket power plant.”’ 

I would like to mention three more pioneers in Europe working with solid 
rockets during this first period of modern Rocketry. 

In Austria, an engineer, Friedrich Schmiedl, designed solid rocket-driven 
mail rockets. In February, 1931, his first mail rocket with an empty weight of 
14 lb. took off. The range was 1-2 miles; but he soon stopped his expc riments. 

In Germany the brothers Tiling designed solid rockets for show-purposes. 
These rockets were equipped with wings which unfolded at the peak of the 
trajectory and allowed the rocket to glide down and land undamaged. They 
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reached altitudes of 2,400 ft. and a gliding range of 12 miles. In 1933 while 
pressing black powder in steel cases they experienced an explosion, and one of 
the brothers and his assistant died. 

In 1928 Alexander Lippisch made tests with delta-winged rocket-driven 
airplane models. As a result of these experiments came the first rocket-driven 
delta-winged interceptor of the last war, the Messerschmitt 163, however, with 
a liquid fuel rocket motor. 

In July, 1927, an engineer, Johannes Winkler, founded the German “‘Society 
for Space Travel’ at Breslau. This society soon enrolled several hundred 
members. One year later, however, Winkler joined the Junkers Aircraft Co. 
and worked there privately on the development of liquid fuel rockets. He used 
liquid oxygen and methane as propellants. His first rocket, a primitive contrap- 
tion, some feet in length, took off for the first and last time on March 14, 1931, 
at Dessau. The rocket jumped up only some feet and then crashed. However, 
it was the first liquid fuel rocket in Europe which left the ground. Later tests 
of Winkler’s led only to explosions during the ignition process. He finally gave up 
and worked during the war at an Air Force Research Institute at Braunschweig, 
in a field not connected with the development of rockets. 

In 1930, the activity of the German Society for Space Travel was transferred 
to Berlin. Some of their members founded the “Rocket Proving Ground, 
Berlin,” and moved into a former ammunition dump at the outskirts of that city. 
The leading men were: Professor Hermann Oberth, Rudolf Nebel, Klaus Riedel, 
Professor Wernher von Braun and Willy Ley. The practical work was started 
with a very small liquid fuel rocket motor fixed for test purposes on a primitive 
test rack. Professor Oberth, at that time, built his model for a Moon rocket for 
the German movie, The Girl in the Moon. In May, 1931, the first liquid fuel 
rocket, the ““Repulsor,”’ took off using liquid oxygen and gasoline as propellants. 
Later almost 1,000 yards altitude and 2} miles range were obtained. Because 
of lack of funds, the society was forced to use fancy propaganda methods, and 
to promise the almost impossible. In 1931 they already made promises to 
launch a man-carrying rocket at Magdeburg within two years. The town gave 
the money, but the society failed, they could not live up to their promise. In 
1933 the last rocket of this society was launched from a raft floating in a lake near 
Berlin. The water-cooled rocket motor was at the nose of this device. Four 
pipes contained the propellants, which were forced by high pressure into the 
combustion chamber. This test failed also. Shortly afterwards this society 
disintegrated because of internal difficulties and lack of money. 

Here, I would like to mention another pioneer in liquid fuel rockets, Albert 
Puellenberg, who founded the ‘‘Society for Rocket Research”’ in Hannover in 
1931. He worked under very primitive conditions in a shack at the Hannover 
Airport. He worked without assistance from anyone, and was doomed from the 
very beginning. He joined Peenemiinde in 1943 and became an engineer for 
gas-generating plants. 

German Army Research 


That was the status of the art, as the German Army started its own research 
work and development in the second period of modern rocketry. You may 
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read in many books that the German Army prohibited private initiative or 
even brought their work forcefully to an end. This is mot true. Since I was in 
charge of all Army rocket work since 1930, I know better. We were only 
interested in the military angle of Rocketry. We wanted to develop rockets as 
modern weapons—and that, in all secrecy. These numerous private inventors 
and pioneers were a wonderful smokescreen behind which we could hide our 
own work. They got all the publicity we didn’t want to get, and we were quite 
upset seeing how one after another of these private organizations faded away, 
leaving us as a target for allied intelligence. 

In 1905 the German Army already had supported financially the develop- 
ment of modern solid rockets by the Swedish Major Unge as he worked with 
the Krupp Co. Since 1929 we gave support financially to the Berlin “‘Rocket 
Proving Ground.’’ We supported financially the work on rocket motors at the 
Heylandt Company. What we wanted to obtain were scientific data about the 
performance of liquid fuel rocket power plants, but we could not get any data. 
This data could not be obtained for the simple reason that they did not have 
adequate facilities and did not realize their importance for any real serious work 
on rockets. We even provided money to develop a small sample rocket in order 
to prove the point. There was no proof, the rocket was a failure. Finally, the 
Army grew tired of all the talking, and wanted facts the pioneers could not 
provide; therefore, the Army started its own research and development work 
in January, 1930, at a small proving ground near Berlin. It was here where we 
erected the first solid rocket motor test stand equipped with all modern measuring 
instrumdnts in order to get behind the laws governing rocket power plants. In 
1932, the first rocket test stand for liquid fuel rocket motors followed. At this 
location, in 1936, we had seven static test stands where we could test motors up 
to 10,000 Ib. thrust. 

In 1930 I got the order to make military weapons out of solid rockets, and 
the requirements were: 

“To develop militarily useable projectiles out of solid rockets, using, if 
possible, smokeless powder. This was to be accomplished in military facilities. 
These projectiles had to be fired in a volley into a not too large an area, over a 
range of 4-5 miles, saturating this area with artificial fog, gas or explosives. The 
main concern had to be light-weight launchers.”’ 

In the years that followed, after overcoming tremendous difficulties opposing 
the use of smokeless powder, the German so-called “‘fogthrowers” were developed. 

These solid rocket weapons were ready for mass production as early as 1934. 
After the outbreak of the last World War, on order of Hitler, they did not go in 
operation until 1941, when the war against Russia started. On the very first 
day of the war against Russia more than 800,000 rockets were fired in the first 
20 minutes. The German Army met the Stalin organs and Katjushas in action 
in the Battle of Moscow, half a year later. 

The requiements for the development for liquid fuel rockets were as 
follows: 

“Within adequate military test facilities, investigate all the characteristics 
of liquid rocket power plants. Design and build a first sample of liquid fuel 
rocket to be of military use, replacing the heavy longest-range artillery. 
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A-4 power plant in movable gantry, Peenemiinde, test stand 7. (Gantry runs on rails 
over jet deflector chute. There were 3 such gantries). 1941. 


Fitter’s shop in component development shop, Peenemiinde-Ost. 
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Production has to be accomplished later by private industry. Secrecy of the 
development has to be the main concern.”’ 

And, now, the German Army, in their development of liquid fuel rockets, 
supposedly stole everything from somebody who had this and that idea first. 
Did they really have to steal anything ? When you want a regulated combustion 
you will use liquid propellants and never a solid powder . . . that is only 
common sense. When you use a liquid oxidizer and a fuel, you needat least 
one tank for each propellant; and when you want to burn these propellants in 
a combustion chamber, you have to feed the propellants into it either by 
pressure or by a pump. What was there about this that the Army had to steal ? 
When you want to sustain combustion in such a motor you have to cool the 
walls of this combustion chamber, if the wall material cannot withstand the 
temperature by its own. Any engineer who thinks about this problem for five 
minutes will come to the conclusion that either regenerative cooling, film or 
sweat-cooling or a combination will do the job. When you have the problem of 
controlling a rocket which takes off very slowly, and no aerodynamic rudders 
will work, you think a bit, and you will have the choice between controlling the 
rocket by jet vanes working in the gas jet stream out of the rocket nozzle with 
tremendous speed, by tiltable combustion chambers or by separate control 
jets. There are no other ways. Anyone could have found that. If you want 
to select your propellants you look for the ones that are the easiest to get, easiest 
to handle and reasonable in price. What are these propellants? Liquid oxygen, 
nitric acid, gasoline, and alcohol. For exactly the reasons I mentioned, the 
moment we started, we selected liquid oxygen and alcohol. Why would we 
have to steal this propellant combination? Everything was, to us, the most 
reasonable thing todo. Wedid not even make studies. Fora ground-launched 
missile, such decisions can be made within the first five minutes a project is 
started. But, how about the guidance system of the big German rocket ? 
Really, there was not anything to steal or anyone to steal from. All these 
pioneers and inventors who worked on rockets before the Army started didn’t 
have any knowledge of or recognition of the importance of a guidance system. 
So, at least, they cannot say the German Army stole that ! 

Put all joking aside, I assert that, under the same conditions, any group of 
interested and skilled people, no matter in what country of the world, who had 
to face the same problem we had to handle in Germany and who had to bring 
the pending task to a first solution in conscientious and hard labour, necessarily 
would have found practically the same solutions. 

There is no time to tell you about the first steps we made in the developmeut 
of long-range rockets; how we went up and down, back and forth; how, after 
promising successes, we had the hard time of setbacks; how we were hampered 
by lack of money; how we could not win the confidence of our superiors; what 
a hard time we had to go through to convince responsible people of the feasibility 
of guided rockets; how many times we were so desperate, that we wanted to 
give up; how hard we had to work to progress step by step, and I mean by very 
small steps. There never was a time when a single inventor had a sparkling 
brain-storm leading to a big guided rocket like the V2. I think the days are 
gone forever when an individual inventor after he had an “enlightened spatk”’ 
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A-4 raurvad battery 2 such batteries were set up for special operational conditiuns. 


They were improvised from normal lox and alc railroad supply cars, flatbed car with 
road vehicles aboard, and a few special cars for missile erection etc.). 1944. 
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Part of tne A-4 railroad battery. 1944. 
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and inspired only by his own outstanding genius, can create in a more or less 
short time the most wonderful, technically-perfect machine out of nothing. 
Invention and development of modern, technically complicated, machines like 
guided missiles comprising in their design and performance all branches of 
science and technology, bring a new kind of impersonal inventor into the picture— 
the team; and, we, at that Army Proving Ground near Berlin, were such a team 
with unshakeable faith in the realization of modern Rocketry. When we 
started we were four men. The first one was a young student, 19 years of age, 
who later became Technical Director at Peenemiinde, Professor Wernher von 
Braun, now Division Chief at the U.S. Army Guided Missile Centre, Huntsville, 
Alabama. A second onc, a young technician, fired by Heylandt, with some 
experience in liquid fucl rocket power plants, later Chief Designer at Peene- 
miinde, Walter Riedel, now at Westcott, England. The third, a very skilled 
foreman, later Chicf of the Experimental Shop at Peenemiinde, Heinrich 
Gruenow, now in Moscow. The fourth, myself, at that time Captain in the 
German Board of Ordnance and assistant in the Ballistic Branch. 


First Experiments 

I don’t think that, at the time we started with the development of our first 
660 Ib. thrust producing power plant, we had any definite idea what would later 
ensue from our work. We just started with a power plant. Yes, we dreamed 
about long-range rockets and about spaceships; but, we didn’t know and didn’t 
care what would happen later. From 1932 to 1945 we never received any 
requirements for any kind of weapon from our military superiors or anybody. 
We started with a power plant and, later on, had to make up our own minds 
just what a uscful thing should look like. 

You may be interested in how the idea of the A4, later referred to as the 
V2, came about. I have a list at home of all the people, 32 in number, claiming 
to be the inventors of the V2. Few, if any of them, ever saw a V2 or ever had 
been at Peenemiinde, where this rocket was developed. 

From the very beginning, we were aware of the fact that when we really 
wanted to develop big military rockets, we had to have our own self-sufficient 
establishment. In December, 1935, we found a lonely spot in the Baltic Sea 
which could be transformed, by reasonable means, into a well-hidden and well- 
camouflaged rocket research centre. It was a small fishing village of not more 
than 30 inhabitants, located on a big island far away from all big cities, and in a 
large forest. It was called Peenemiinde. In planning this establishment we 
had to fix the requirements for the big static rocket test stands. Now, we had 
to think about what we really wanted to accomplish. 

One day, March 26, 1936, in our small office at this proving ground near 
Berlin, I sat with von Braun and Riedel talking about the size of the planned 
test facilities at Peenemiinde, and listened for an hour to their ideas and plans. 
I finally told them what I wanted, from a military viewpoint, and what this 
rocket should look like. 

I am an old long-range artillerist. The most famous gun, up to that time, 
was the Paris gun—towards the end of the first World War. This gun fired 
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A-5 taking off. 1938. 





One of the first A-4’s Instrument compartment serviced with fire ladders 
Summer 1942. 
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22 lb. of explosive over a range of 78 miles, but possessed terrible weight in the 
firing position and a terrible dispersion. 

I wanted to climinate this unhandy weight of the gun in the firing position 
by using a single-stage liquid fuel rocket to be launched vertically, and to be 
programmed later into an elevation angle of 45 degrees. The rocket should carry 
a hundred times the weight of the explosives of the Parisien gun and that over 
twice the range of that gun—which would be 156 miles. Fifty per cent. of all 
the rockets fired against one target should fell in a circle around the target with 
a diameter no larger than three-tenths of one per cent. of the range, that 
compares well with the dispersion of 4-5 per cent. of the range for conventional 
guns. The rockets should be shipped’in one piece, on normal roads without 
jamming the traffic, and on one single railroad car through all European railroad 
tunnels. Therewith, the diameter over the fins and the over-all length of the 
rocket were fixed. We quickly calculated that a burn-out speed of 4} times 
the speed of sound could do the job. 

During the next days, we discussed the entire weapon system. Our troubles 
started with these calculations and considerations. We could not find a 
solution to all of them. First, we had to do a lot of basic and applied research 
with Universities, Institutes, and the Industry, before we could have an answer 
to the main problems. Therefore, we preferred to concentrate our practical 
work, for the time being, on an experimental smaller rocket, the A5, in order 
to prove the theory. When the war broke out in the Fall of 1939, we got our 
preliminary drawings end calculations out of the desk and started to develop 
the A4. 

By 1936, that Army Proving Ground near Berlin was no longer the only 
place in Western Europe where liquid fuel rocket power plants were developed 
practice. An engineer, Helmuth Walter, with the Air Force as a customer, 
developed, at Kiel, mono-propellant power plants using hydrogen peroxide as 
a drive for rocket interceptors and airplanes, the same as for assisted take-off 
for heavy bombers. 

Dr. Eugen Sanger did much theoretical and a bit of practical work on rocket 
motors in Vienna, Austria. His favourite ‘‘child” was the liquid fuel rocket- 
powered, long-range bomber. Years later his theoretical work became well- 
known ; however, we hardly heard a thing about his practical work. 

Neither in England nor in Holland was there any practical work in liquid 
fuel rockets accomplished ; nevertheless, rocket societies were incorporated. In 
Paris, Robert Esnault-Pelterie, who published his book L’ A stronautique, in 1935, 
succeeded in getting some financial support from the French Army to build one 
static test stand for small liquid fuel rocket motors on an Army Proving Ground 
near Paris. Esnault-Pelterie experimented with liquid oxygen and gasoline as 
propellants. He worked there with more or less success, until the War broke 
out. When the Germans later investigated his facilities, they came to the 
conclusion that if would have taken him several more years to accomplish the 
first convincing result. 

A small private company in Turin, Italy, studied the application of small 
black-powder rockets as anti-tank weapons. 

I will not pass this second period of modern rocketry without mentioning 
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the first take-off of two, German Army developed, liquid-fuel rockets in 
December, 1934. They obtained an altitude of 14 miles, were unguided, and 
were called A2. 


First Positive Results 

The third period of modern rocketry from 1937 to 1941 was the period of 
the big break for rocketry. In England, under the leadership of Sir Alwyn Crowe, 
the development of highly-efficient, unguided, anti-aircraft, ground-launched, 
smokeless-powder rockets was completed. Fired out of multiple launchers, they 
saw operation first during the Battle of Britain, later at Gibraltar, and in 
Northern Africa. 

The research work of Esnault-Pelterie continued in France until the German 
occupation of France put an end to it. 

During that period, the Germans made the big jump from the always too 
small and primitive facilities at that Proving Ground near Berlin to the big 
rocket research and development centre at Peenemiinde, erected at a cost of 
about DM. 300,000,000, with all its modern research and test facilities and the 
greatest and best equipped supersonic wind tunnel in the world. Finally, 12,000 
people were working at Peenemiinde. A large part of the German technical 
universities and institutes wcre busy with the solution of technical problems 
encountered during the development of the A5 and A4. Almost 100 A5’s were 
tested and launched during that pcriod. Solid powder and liquid fuel ‘‘Jato’’ 
motors were developed to assist in the take-off of heavy bombers. Liquid fuel 
rocket motors were developed as an additional power plant for fighters, and the 
first liquid fuel rocket airplanes were designed, and made their first flight back 
in 1938. 

Walter, in Kiel, developed hydrogen-peroxide rocket motors for fighters, 
interceptors, and ‘‘Jatos” to assist take-offs of bombers. 

Another company, Schmidding, in Bodenbach, developed liquid fuel “‘Jato” 
motors. The Bavarian Motor Company (B.M.W.), a newcomer in the rocket 
field, using nitric acid as an oxidizer instead of liquid oxygen, started its work 
for a new drive for fighters. 

Solid rockets became more reliable and were produced in masses for aircraft 
take-off purposes, as anti-aircraft weapons, and for ground troops. 

It was the period of research in all branches and a slow but striking progress, 
a progress which could not be seen by outsiders, but which convinced the 
interested people that a new era in rocketry was coming. 

The next period of the rebirth of rocketry from 1942 to 1946 is character- 
ized by the guided missile, the unmanned, guided, modern weapon, driven by 
reaction forces. Its most outstanding representative was the V2, or as the 
Germans called it, the A4. 


The V2 

Up to 1941, guided missiles were but a very vague idea. The A4 was 
developed, originally, as an artillery weapon with high accuracy, which should 
surpass the range of long-range guns. In 1940-41, when a German bomber 
could not fly over England more than four to five times before being shot down, 
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A-5 in preparation hut. 1938. 


the question became urgent as to whether or not such a weapon could take over 
some tasks of the bombers. The advantage of a big, long-range, rocket with its 
production cost of only D.M. 38,000 became evident compared with the cost 
of a bomber with its D.M. 1,250,000—not taking into account the loss of the 
crew. 

As a result of these deliberations, the military concept of the long-range 
guided missile changed from a tactical to a strategic one. Later, with hundreds 
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ne ase Miles * re * > . 
““Wasserfall’’ taking off, dragging its launcher table aloft. (Separation mechanism 
between m.ssile and table failed). Summer 1944, Peenemiinde 





““Wasserfall’’ taking off with launcher table! 1944. 
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and thousands of Allied bombers flying almost at will over Germany, the 
fundamental design principles of long-range guided missiles were used to build 
anti-aircraft guided missiles—ground-launched and air-launched. These small, 
fully-automatic weapons with their high degree of manoeuvrability could do a 
much better job than the German fighters and anti-aircraft guns could do. Anti- 
aircraft guided missiles equipped with homing devices, could be locked, shortly 
after being fired on any enemy bomber, could follow him during any evasive 
manoeuvres, and finally could shoot him down. 

At that time, the real purpose of guided missiles became apparent, namely, 
to break air superiority exercised by bombers and fighters. With anti-aircraft 
guided missiles available in sufficient numbers, enemy bombers could be 
prevented from flying over Germany. Air superiority could be broken. And, 
since the enemy also will develop and use anti-aircraft guided missiles to 
prevent our bombers from flying over his country, the long-range guided missile 
flying at very high altitudes with a speed unattainable by manned conventional 
bombers within the atmosphere will replace bombers, and may take over their 
task. 

The first A4 was launched in June, 1942, and on October 3, 1942, all world 
records in range, altitude, and speed were broken with the third missile. The 
technical feasibility of a big guided rocket had been proven for the first time in 
history. 

In the years that followed, almost 5,100 V2’s were manufactured, of which 
4,200 saw operational use. 


Other Guided Missiles 

Anti-aircraft guided missiles were proposed for the first time in 1939 by 
Peenemiinde. It took about three years before the importance of this weapon 
in modern warfare was recognized. Finally, in December, 1941, we received the 
green light to start development. The ‘“‘Wasserfall’’ ground-launched, super- 
sonic, anti-aircraft, guided missile was developed subsequently at Peenemiinde. 
We used nitric acid and visol, a vinylisobutyl ether, as propellants. The 
‘“‘Wasserfall’’ had a range of 16-5 miles and a maximum altitude of 60,000 ft. 
As with all other anti-Aircraft guided missiles developed in Germany during the 
war, it saw no operational use. However, its development was completed at 
the end of the War, and mass production was already in progress. 

Another ground-launched anti-aircraft guided missile was the subsonic 
‘“‘Enzian,”’ developed by Messerschmitt and made out of wood. It used a rocket 
engine developed by Helmuth Walter, in Kiel. Range 16 miles, maximum 
altitude 53,000 ft. 

The subsonic anti-aircraft guided missile ‘“Schmetterling’’ was developed by 
the Henschel Aircraft Company in Breslau, using a power plant from the 
Bavarian Motor Company (B.M.W.). 

A sample of an air-to-air missile is the X4, developed by the Ruhrsteel 
Company, using a small, liquid fuel rocket motor developed by the B.M.W., 
and guided from the ‘“‘mother’’ ’plane by two wires rolling off after firing. 
Range 2 miles. 
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A-9 model in subsonic windtunnel of Zeppelin plant at Friedrichshafen Bodeusee. 1944. 


, An air-to-ground guided missile of shorter range was the Henschel 293, 
using a Walter engine. This was the only guided and powered missile besides 
the V2 which saw operational use, against ships in the Mediterranean Sea and 
during the landing in Normandy. 

After 1942, the green light was given for the development of anti-aircraft 
guided missiles in Germany. ' Almost 76 different guided missiles were being 
developed in parallel, when I was put in charge of the entire guided missile 
programme in Germany. I cut this number down to three: the ‘“Wasserfall,”’ 
the ‘““Schmetterling,”’ and the ‘“X4.”’ I am convinced that, if the War had lasted 
another year and production of these missiles could have continued, the anti- 
aircraft guided missiles would have changed the outcome of the War appreciably. 

Two more samples of application in the solid rocket field were :— 


. (1) The 10” solid rocket taken from: the ground troops and fixed to 
a wing of a Messerschmitt 109. These weapons were effectively used during 
. air battles in 1943. 

(2) The “Rheinbote,” a multi-stage solid rocket with an over-all length 
of 37 ft., fired from a V2 transport-car, over a range of almost 120 miles. 
About 40 of these missiles were fired in January, 1945. Because of their 

‘ small warhead (only 40 Ib. of explosives) their effect was negligible. But 
here, the first time in history, the multi-stage principle with solid rockets 
proved its feasibility. 
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Test Stand 1, Peenemiinde-Ost. 

As examples that the fully automatic gimmicks in guided missiles have not, 
and—as I hope—will never replace the human being in rocketry, I would 
mention two devices where the Germans tried to combine the human element 
with the complicated automatic instruments in rockets. First, the delta-winged, 
rocket interceptor, the Messerschmitt 163, which was the first all-rocket-powered, 
manned interceptor which saw operational use at the end of the last war, and, 
secondly, “‘Natter,’’ a wooden interceptor, driven by a Walter hydrogen- 
peroxide engine, and which was supposed to take-off vertically from a telephone 
pole. “The “‘Natter’” was programmed by an automatic device at a certain 
altitude in a horizontal position. At this point, the pilot took over control and 
then attacked the enemy ’plane with salvoes of unguided rockets. After attack, 
the airplane separated into three main parts, each of which were recovered by 
parachutes. Several of these experimental ’planes were launched with partial 
success. 

In January 1945 an A4. with wings was launched, obtaining a maximum 
velocity of more than four times the speed of sound. Later, this device was 
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supposed to become the manned second-stage of the A-9/A-—10 combination, a 
multi-stage liquid fuel rocket whic': could bridge the ocean between Germany 
and the United States, that is, 3,105 miles, in 45 minutes. This combination 
had a length of about 110 ft., and a take-off weight of almost 250,000 lb. The 
rocket motor in the first booster stage would have a thrust of 440,000 Ib., the 
motor of the second stage was the proven V2 motor adapted to nitric acid and 
crude oil as propellants. 


EVALUATION OF RUSSIAN ROCKET 
DEVELOPMENTS* 


By GEorGE P, Sutton, M.S., 


Supervisor, Aerophysics Department, North American Aviation, Inc. 


introduction 

For the past several years I have spent a good part of my spare time in 
searching for information of rocket developments behind the Iron Curtain. The 
reference sources and data are fragmentary and sometimes of questionable 
reliability, yet like the pieces of a puzzle, they seem to fit together and make 
sense when augmented by the interpretation of a specialist. Nevertheless, this 
discussion of Soviet rockets is somewhat speculative, as the evaluation is largely 
my own personal opinion. The subject of this talk is not related to my work 
at North American Aviation or to any Government-sponsored project on which 
{ am working or have worked. 

Russia has an amazing background of 50 years of rocket work and thus has 
had an earlier start in this complex technical field than almost all other countries 
n the world. For example, early manuscripts of Professor K. E. Ziclkowsky’s 
rocket theory date back to 1903. There is no doubt about the fact that the 
early Russian rocket enthusiasts made many original and fundamental contri- 
butions to this new rocket technology and that Ziolkowsky and his disciples 
founded a competent, scientific organization for investigating and systematically 
developing new rocket devices. The Soviet Government was quick in realizing 
the enormous military potential of the rocket and set up an organized, Govern- 
ment-sponsored rocket research programme in the early ‘thirties. Stalin 
personally took a hand in this. In the United States, systematic Army- 
sponsored research did not start until 1942, some eight years after the Russians 
started. 

To-day the Soviets are fully exploiting the military potential of the rocket. 
‘hey know that, next to Atomic Energy, the rocket reaction principle is the 
most fruitful fundamental concept for making possible the design and realization 
of a variety of potent new military weapons. They know that the rocket is the 
only practical engine known to-day, suitable for driving spaceships, and that 
spaceships can have enormous military and political value. The Russian rocket- 
driven military devices range from faster and higher-flying airplanes and inter- 
continental, atom-bomb-carrying missiles to slick, fast, foolproof anti-aircraft 


* Presented at the Third Symposium on Space Travel, American Museum, Hayden, 
Planetarium, on May 4, 1954 
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weapons. If the Soviet Union is to be involved in another future big war, this 
new stable of rocket-powered weapons will be brought to bear on its adversary. 


Russian Progress since 1945 

Let us now look at Russian progress in rockets and missiles. What has 
transpired in the Soviet Union since the Iron Curtain was lowered tightly after 
the last World War? What have the Russian rocket engineers accomplished 
since 1945 when they also came into possession of the German V2, the World’s 
first long-range liquid propellant rocket missile? These questions are somewhat 
difficult to answer. 

However, despite the Iron Curtain, fragments of information slip through 
here and there which, when studied by rocket experts and pieced together, 
blend into a recognizable picture. For example, copies of Russian scientific 
journals are passed out to the Western world. Articles in these journals dealing 
with such topics as combustion or aerodynamic theory gives clues as to scientific 
progress. Eye-witness reports of missile flights and rocket tests related by 
competent engineers and refugee officers, magazine articles published in 
countries bordering the Soviet Union, and many other sources of information 
all add another facet to the story of growing rocket might behind the Iron 
Curtain. Those sources and bits of information which obviously sound unreliable 
or questionable have been disregarded, and I have used only credible data in 
arriving at my results and conclusions. 

All these sources point to an aggressive rocket policy in the Soviet Union. 
The present status of their development can be summarized briefly. 

(1) For many years the Russians have been supporting an ever-increasing, 
systematically organized programme of research, development, and production 
of many different rocket engines. 

(2) They have been working on several unusual and clever applications of 
rocket engines in aircraft and long-range missiles. About those terrifying and 
new weapons I shall tell you later. 

(3) They have improved the deadly German V2 missile of World War II. 
They have built at least 1,000 of these, and thus they have gained valuable 
experience in mass-producing large rocket missiles. What have they done with 
all these missiles? 

I believe they used them in the following ways: (a) for fundamental research 
and investigations of the upper atmosphere and aerodynamic problems, (6) for 
testing new improvements, new warheads, or advanced rocket engines, and thus, 
for laying the technical foundation for new missiles; and (c) for training of 
soldiers in the launching of guided missiles. 

In addition, they probably have stockpiled some V2’s for a possible 
“emergency.”’ The original V2 was capable of carrying a one-ton warhead of 
explosive a distance of 220 miles. The new improved Russian version is faster, 
larger, and is reported to have a range of more than 400 miles. 

(4) The Soviets have pursued an extremely aggressive policy in acquiring 
technical rocket information from the free world. They have translated into 
Russian (and sometimes also into Ukranian) some of the more important 
scientific books on the subject. They have been past-masters at exploiting 
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Geiman rocket knowledge immediate after World War II. They knew very well 
that the Germens in 1945 were ahead of all other nations in the technology of 
rockets and guidcd missiles; they did not miss many tricks in taking advantage 
of this then superior German position. 

The Russians went after German rocket experts and succeeded in luring at 
le: st 160 to work for them behind the Iron Curtain. Also they have been 
vigorously planning and executing an organized rocket programme. This rocket 
work has enjoyed a high Government priority and in the past also the personal 
attcntion of Joseph Stalin. We know from a high-ranking refugee Russian 
officer that Stalin himself was extremely interested in the development of long- 
range, rocket-propelled guided missiles, and that he conducted several detailed 
technical discussions with his rocket and missile experts. This Russian officer 
witnessed some of these sessions. Stalin had a lot of respect for long-range, 
rocket-powered, high altitude vehicles. He was less impressed with the military 
potential than with the enormous propaganda value of these weapons. This 
interest by the top man himsclf gave a terrific push to the Soviet rockct 
programme. 


Research, Development and Production Effort 
The development of advanced rocket engines requires four ingredients: 
(1) Exceptionally capable techzical men; 
(2) large, complex research facilities; 
(3) factorics capable of producing high quality, precision rocket engines ; and 
(4) good and accurate test facilities. 


The Russians have all four. 


Typically methodical German intelligence reports give evidence of systematic 
Russian research and development work on several rocket devices prior to and 
during World War II. This work was conducted at the Soviet development 
centres of Khimki (near Moscow) and Sverdlovsk (in the Ural mountains). 
Similar development facilities with the associated research laboratories and the 
elaborate test facilities have been built since 1945. More recently eminent 
research scientists like Semenev and his group of combustion kinetics experts 
have contributed to this field of rocketry. Chemical engineers like Yoffe and 
Loventso performed rocket combustion calculations. 

The Russians are no novices at this game of rockets. I have already men- 
tioned that K. E. Ziolkowsky and others worked on original scientific contribu- 
tions to this technical field over 50 years ago. The disciples of these early Russian 
rocket enthusiasts, together with graduates from Russia’s newly acquired system 
of technical schools, and old-time engine experts like the late Professor 
A. Kostikov, form the hard core of present-day Soviet rocket work. Kostikov, 
a serious man, is known for his early good work on aircraft and automotive 
engines. In the decade before his death in 1951, his name was connected with 
rocket engines for aircraft applications. In addition, the many German rocket 
technicians who went to Russia after World War II unquestionably have been 
a potent factor in Russian research. By absorbing the advanced German 
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technical ideas and background into an already established research organization, 
Russian rocket technology has made tremendous strides. 

Prior to and during World War II, the Russians, as well as the rest of the 
Allied world, mass-produced only simple, solid-propellant rockets; they burn 
solid pieces of composite chemicals similar to caked gun-powder. Fortune 
smiled on the Russians, and at the end of the War they fell heir to that portion 
of Germany containing the most modern and best equipped German rocket 
factories and test stations for all types of rocket engines and for rocket-propelled 
missiles. By a strange coincidence, all major German rocket development centres, 
with but one important exception, were in what was to become the Russian 
Zone of Germany. 

For example, in World War II the German “Mittlewerk’’ plant, which is 
located near Nordhausen in the Russian Zone, produced 900 deadly V2 missiles 
per month, and at the War’s end, this factory carried a sufficient stock of missile 
components for more than one month of production. The Russians seized this 
plant and have operated it, though not at full capacity, and have produced at 
least 1,000 missiles. This plant is built completely under ground, is self- 
sufficient, has its own power plant and air-conditioning system, and is essentially 
invulnerable to aerial attack. ’ 

Test facilities for experimentally developing and proving new rockets are 
expensive. A complete facility requires huge concrete structures, special 
precision measuring instruments, and costs millions of dollars. The Russians 
again were lucky enough to get the know-how and the equipment of several of 
these complex test facilities from the Germans. They probably have dismantled 
much of the original equipment and have used it in construction of new facilities 
in the interior of Russia. There are several complete rocket research facilities 
and development centres near Moscow (at Khimki and Toshino) complete with 
concrete test stands and research laboratories. Furthermore, it is believed that 
there is at least one long-range proving ground for flying experimental missiles 
in the interior of Asia. 


Rocket Engines for Aircraft 

The rocket engine used for propelling military airplanes is a small, intricate 
and complex device. The subject of Soviet rocket engines for aircraft use is a 
very interesting one, but because it is not too closely related to space flight, it 
will not be mentioned. I will therefore not go into any details. Let us simply 
say here that there are some impressive and known achievements by the 
Russians in this field; they have flown several different types of rockets in 
research and fighter aircraft at high flight speeds and altitudes. If we can use 
the accomplishments of the Russians in this field of aircraft rockets as a guide 
for their potential achievements in other rocket fields, then we can conclude that 
they are not letting any grass grow under their feet in the realm of large rocket 
engines suitable for long-range missiles and space flight. 


Soviet Super Rockets, Spaceships and Long-range Missiles 


One of the most fantastic rockets the Russians are reportedly working on is 
a giant-size, liquid-propellant rocket engine. It has the tremendously high 








266 WALTER R. DORNBERGER 
thrust of 264,000 Ib. at sea level. This is equivalent to the push of 53 conven- 
tional turbojet engines as used in ordinary fighter aircraft, and is almost five 
times as much thrust as that of the German V2 rocket engine, which was the 
biggest rocket engine developed during World War II. During each second of 
firing this huge rocket uses over 1,000 Ib. of liquid propellants. During one 
minute it gulps almost 80.000 gallons. Of this quantity, approximately one- 
third is kerosene and the other two-thirds is cold liquid oxygen. This new 
super-rocket, called the Model 103 by the Russians, is amazingly small and 
light for its enormous power output, weighing about twice as much as an 
average U.S. automobile. Early developments were carried out at the Khimki 
rocket station near Moscow. The giant turbopump component which feeds the 
oxygen and kerosene fuel to the combustion chamber is based on some funda- 
mental work by I. Drobinin and S. E. Dunsev. 

This gigantic rocket development is a huge undertaking requiring special 
fabrication techniques and unusually large and expensive test facilities. The 
brilliant exhaust flame from this rocket is estimated to be 160 ft. long and 
noisier than the largest Navy gun. This flame roars down from the rocket at a 
speed of more than 5,000 miles per hour (close to 8,000 ft. per sec.), and has a 
temperature of over 5,000° F., which is twice as hot as the melting point of 
steel. If the flame pit of the Soviet static (non-flying) test stand is not built of 
specially cooled, heavy construction, the hot and whistling flame would—in a 
matter of a few seconds—burn a tremendous hole into the earth—and undermine 
the test stand upon which the engine is mounted. The combustion pressure of 
almost 900 Ib./sq. in. is much higher than that of known rockets—this high 
pressure is testimony to independent Soviet research effort. 

It appears that the Russians now visualize three applications for this super- 
rocket engine. It is quite likely that some or all of these had been personally 
planned by Stalin. Each of these three projects is an ambitious undertaking in 
itself. 

The first is an advanced, enlarged and winged version of the German V2 
missile, and is estimated to be some 50 ft. long and to have a diameter of 5} ft. 
To propel this missile, the rocket engine would develop well over 2 million horse- 
power, enough to drive 10 battleships of the “‘Missouri’’ class. Such a weapon 
should be capable of carrying an atomic warhead a distance of between 500 to 
1,000 miles in about one half-hour. If true, thisisan awe-inspiring new weapon for 
long-range bombardment of cities far away from the tightingfront. It would bea 
devastating weapon if applied toa crowded harbour used asa staging area for troops. 

The second application is a giant two-stage missile in which the large rocket 
engine boosts the first stage to a high velocity. The first-stage engine stops 
operating in mid-air and, with its propellant tanks, pumps, and other equipment, 
is dropped off and discarded. The second stage starts burning, separates from 
the first stage and eventually reaches the target. For long ranges, a two-stage 
vehicle is more cconomical than a simple one-stage unit. The second stage of 
this missile reportedly is an improved German V2 rocket engine with a thrust of 
77,000 lb. The original German V2 had a sea-level thrust of 56,000 lb. This 
Soviet two-stage missile is designed to have a range of 1,865 miles (1,300 
kilometres). After this missile is fully perfected, the Russians will be able to send 
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destruction and death to any point in Europe in less than 15 minutes of flight 
time directly from within the Iron Curtain. Right now the Soviets are erecting 
elaborate bomb-proof launching stations in their part of Europe. 


Space Flight 
The Russians apparently have considered using a number of these giant, 
engines clustered together to power a spaceship. This is the third application of 
the giant rocket engine. They are thinking of a satellite vehicle, which would, 
rise in a predetermined altitude a few hundred miles above the Earth, and there-, 
after would circle around the Earth every few hours.at this altitude. This 
application undoubtedly requires the biggest effort and will be the last to be, 
completed. This enormous spaceship is still in the planning stages. The Soviet 
magazine The Red Fleet, tells us of one scientific study of a spaceship for a journey 
to the Moon; it weighs 2,200,000 Ib. at takeoff, and is to be driven by a cluster of 
20 super-rocket engines. Unbelievable as it sounds, this spaceship weighs 
approximately as much as 20 large bombers. This project is probably only 2 
study without any real plans for building a vehicle. If it is built, then it will 
without a doubt, be the heaviest man-made-article ever to leave the ground. 

The evidence we have on these new large Russian rocket engines appears to 
be sufficiently reliable, that we can base a few calculations on their performance. 
One conservative approach would require a cluster of'3 to 6 engines for driving 
the first stage and this would be sufficient to put perhaps one ton of payload, 
into a satellite orbit some 200 miles above the Earth. This project is more 
likely to become a reality than the large monster missile described in the Soviet 
Navy publication. 

Think of the political value of such a Soviet satellite. It would circulate 
around the Earth every few hours. If someone puts a strong light on it, you 
could see this “Soviet Star’’ pass New York regularly. They could put a radio 
transmitter on it and send or relay propaganda broadcasts to all the World— 
the message would not have to be elaborate or long—just the knowledge that a 
Soviet satellite is flying overhead is more than enough to make people think; 
seriously of its implications. 

To a rocket expert, this knowledge of a Soviet satellite rocket vehicle means 
that the Russians are in possession of the necessary technical knowledge to put 
a long-range missile with an atomic warhead on any point of this Earth that 
they choose. The size, weight, and many of the components of a satellite can 
be very similar to those of a long-range vehicle. A satellite vehicle, therefore, 
has a strong military flavour. 

I do not know how far along the Soviets are with a complete satellite 
vehicle. I know that they were planning to work on one several years ago. 
Any satellite project is not simple and it will take a long time to perfect, build 
and test such a device. I do know that they have the essential knowledge 
to develop the rocket engine for a satellite vehicle and that they have done 
experimental work on an engine which ultimately can be suitable for a satellite 
engine cluster installation. From the standpoint of the rocket power plant (and 
I propose to discuss this point of view only) they should be qualified to embark 
on a Satellite project. 
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Conclusions 

The fact that the Russians are working with different fuels, with rocket 
engines of high thrust values, and with combustion chamber pressures higher 
than those used by the Germans, indicates that the Russian rocket effort is not 
merely an extension of previous German work, but is a development based on 
independent thinking and research. Of course, the acquisition of the lion’s 
share of the German rocket industry after World War II has helped the Russian 
rocket effort. However, there is ample evidence that the Soviets need not 
merely imitate or copy the Germans, and that they have a vigorous rocket 
Industry of their own, staffed with capable specialists. The story of Russian 
rocket development, as it unfolds itself from any isolated clues, is one of intelli- 
gent technical achievement. Certainly, we must not underestimate this Soviet 
effort. Also, it is imperative that our armed forces direct our own rocket work 
so that we are always several steps ahead. 

Finally, a word about the basic Russian attitude on disclosing new technical 
devices and weapons. They are overcautious and probably will not put into 
use their new military inventions unless they are in desperate straits. In 
Finland, Poland, Indo-China, Spain, Greece, and also Korea, the Soviet or 
Soviet-supported forces have traditionally put old, outmoded armament and 
equipment in the field, and have unnecessarily expended the lives of poorly 
equipped troops. Only when World War II was going badly for them, did they 
put some brand new fully-equipped armoured divisions in the battle and unveil 
their new tanks and barrage rockets. Therefore, it is probable that any new 
rocket weapons will be kept in reserve until they are outdated or until Soviet 
armies suffer severe defeats. At this time, the new device would constitute an 
effective element of surprise and would be a morale booster to beaten armies. 
Because of this extreme reluctance to disclose new weapons, even at the cost of 
severe losses in men and material, it may be a long time before the full story 
of Russian rocket efforts becomes known in detail. 

In conclusion let this be said about my evaluation of Russian rockets as a 
background for space travel; rockets are an essential portion of any spaceship 
development. To me, the Soviets appear to have the necessary background to 
attempt confidently the perfecting of rockets for space flignt. 
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OBSERVING THE WEATHER FROM 
A SATELLITE VEHICLE* 


By Dr. HARRY WEXLER, 


Chief, Scientific Services Division, U.S. Department of Commerce, 
Weather Bureau 


Introduction 


To predict the future of the atmosphere, the meteorologist must know its 
present state—as defined by the three-dimensional distribution of pressure, 
temperature, wind, humidity, clouds, precipitation, etc. Todo this, at hundreds 
of stations throughout the Northern Hemisphere, the atmosphere is probed by 
balloon-borne instruments which radio back to Earth values of pressure. 
temperature, humidity, and whose paths can be translated into wind direction 
and speed of the various layers through which the balloon ascends. Thess 
observations expressed as numbers or symbols, plus auxiliary information of 
clouds, precipitation, etc., are plotted on weather charts and synthesized into an 
instantaneous picture of the atmosphere which, however, is presently incomplete 
because of lack of observations in large portions of the atmosphere, specially 
over oceans and unpopulated areas. Knowing the present state of the atmo- 
sphere and past motions of the storms enables a prediction to be made by 
extrapolation and other techniques. 

A satellite vehicle travelling about the Earth outside the atmosphere would 
not assist in portraying the pressure, temperature, humidity, and wind fields by 
direct measurement. However, by a “‘bird’s-eye’’ view of a good portion of the 
Earth’s surface and the cloud structure, it should be possible by inference to 
identify, locate, and track storm areas and other meteorological features. The 
vehicle would then serve principally as a ‘‘storm patrol." There exists under 
normal conditions a characteristic cloud condition for a “‘typical” extra-tropical 
storm. 

A plan view of a typical mid-latitude storm shows cold and warm fronts, 
whose low-pressure centre is at their vertex, and their accompanying cloud 
systems. 

A major cyclonic storm-cloud system visible from above will be the warm 
front cloud from which the major portion of the storm’s precipitation usually 
falls. In west-east vertical sections, the cloud at the extreme right is composed 
of high-level (5-10 miles) tenuous cirrus or cirrostratus clouds which change to 
denser altostratus and altocumulus and finally to thick precipitating nimbo- 
stratus as one approaches the storm. If the ascending warm air above the 
warm front is unstable enough, cumulonimbus or thunderstorm clouds will 
penetrate above the top of the nimbostratus cloud. 

In the warm sector, or the area between the warm front and cold front, there 
will be stratus and fog, if the surface is colder than the air, or cumulus clouds, 
if itis warmer. Approaching the cold front the higher altocumulus clouds will 


* Presented at the Third Symposium on Space Travel, American Museum, Hayden 
Planetarium, New York, May 4, 1954. 
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Fic. 1. The Earth from an altitude of 100 miles. 


This picture shows the Earth’s curvature and more than 200,000 square miles of the 


U.S.A. and Mexico, and was taken from a V-2 on March 7, 1947. The view stretching 


to the horizon is a distance of about 900 miles, and the dark body of water near the top 

of the picture is the Gulf of California, about 65 miles wide. The picture also shows 

rivers, islands in the Gulf of California, the peninsula of lower California and part of 

the Pacific Ocean. 

The two cameras were installed amidship in the rocket as part of 2,000 lb. of 
They operated automatically taking pictures through an 

infra-red filter, used to cut the haze. 

The time of flight from launching to the break-up of the rocket was 64 minutes. 


scientific instruments. 
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Fic. 2. Diagram of area included in fig. 1. 
appear, closely followed by a narrow band of cumulonimbus and then scattered 
fair-weather cumulus in the cold air mass well behind the cold front. 

The characteristic features of the cold and warm front cloud systems plus 
the adjacent air mass clouds should enable unique identification of a cyclonic 
storm, either in its maturing or fully developed stages. The incipient, or 
embryonic storm will be more difficult to detect because of lack of fully developed 
cloud systems. However, because of the tendency of cyclonic storms to form 
in “families,” arrayed in a southwest-northeast line with the older storms 
located farther northeast and with a known average spacing between storms, it 
may be possible to detect an incipient storm by its position relative to the more 
noticeable mature storms and possible clues from the cloud system. 

In Fig. 1 is shown an actual cloud photograph taken from a V2 rocket at 
a height of 100 miles above White Sands, New Mexico, on March 7, 1947. 
Unfortunately there was no mature extra-tropical storm within the field of 
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view of the camera, and the clouds shown are mostly ‘‘fair-weather’’ clouds 
caused mainly by heating of the ground and lifting of the air by the mountains. 
The most prominent clouds are thousands of bright cumuli—arrayed in roughly 
parallel bands, called “‘cloud streets’, which usually indicate direction of the 
wind. These clouds usually occur two to eight miles above the surface, the higher 
cloud tops being associated with thunderstorms. The fuzzy clouds, so trans- 
parent that the cumulus clouds are visible through them, are the high-level 
cirrus clouds found at heights eight to ten miles. Far to the west, off the 
California cost, are patches of the characteristic low California stratus clouds 
(height one to two miles) with parts of the ocean surface visible. 

The most that a meteorologist could obtain from such a cloud view would 
be the negative knowledge that no major storm is present plus some indication 
of the wind direction at cloud height and possibly the distribution of 
thunderstorms. 

In order to reconnoitre the weather most effectively, the Satellite Weather 
Station should have the following properties :— 


(a) It should be located far enough away to have an instantaneous field of 
view comparable to North America and adjacent ocean areas—similar 
to the area covered by the forecaster’s ‘“‘working’’ chart. 

(6) It should not be so high that cloud areas and geographical features are 
not readily identifiable. 

(c) It should move in such a manner as to have the same cloud system in 
the field of view at least twice in a 12-hour period to obtain a track of 
the storm associated with the cloud system. 

(d@) It should not move so fast that individual cloud systems cannot be 
located accurately with respect to known ground features. 

(e) It should cover the entire Earth in daylight at least once daily. 

(f) It should have a westward component of motion relative to the Earth’s 
surface so as to detect quickly new storms which usually move from west 
to east. 


Such a vehicle is one which is located at 2-01 Earth’s radii from the Earth's 
centre or about 4,000 miles from the Earth’s surface and which has a period of 
rotation about the Earth of exactly 4 hours. If the Earth were not rotating the 
vehicle would move in the same meridional plane through the North and South 
Poles. But since the Earth does rotate as the vehicle moves, its path relative 
to the Earth’s surface is a series of curves. 

Let us assume that at noon on March 2] the vehicle is directed poleward 
from the Equator at the 95th meridian west, at “0” hour. Assuming no external 
perturbations, the orbit of the vehicle is always maintained in a plane parallel 
to its initial orbitary plane, but attached to the centre of the Earth in its motion 
through space. The Earth rotates under the vehicle in such a way that as the 
vehicle proceeds northwards, it crosses all latitudes at exactly noon and after one 
hour it passes over the North Pole; afterwards it then moves southward at all 
latitudes at exactly midnight. At 2 hours it is at the Equator, at 3 at the 
South Pole, after which it enters into the daylight hemisphere again crossing all 
latitudes at exactly noon in its northward passage. At 4 hours, it crosses the 
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Equator at the 155th meridian, west, and repeats a similar path on the Earth’s 
surface, but displaced westward from its initial path. In 24 hours it returns to 
its initial point of departure after having made both a daylight (noon-time) and 
night (midnight) surveillance of the entire Earth’s surface. 

Twenty minutes after its departure on its first leg, when the vehicle has 
moved over Amarillo, Texas, its horizon will enclose an area almost identical 
to the weather chart used in preparation of weather forecasts for North America 
and adjacent oceans. 

What would be seen from the vehicle at some 4,000 miles above Amarillo, 
Texas, at exactly noon on June 21? An attempt has been made to portray the 
scene below under the assumption that the sun is directly overhead. In drawing 
a chart before sketching in the clouds, an attempt was made to indicate the 
surface features of the Earth, taking into account its normal colour and reflec- 
tivity (albedo) of sunlight, and the scattering and depleting effects on the passage 
of light through the Earth’s atmosphere in the following way :— 


(a) Normal illumination values at the surface were first entered in the chart 
according to zenith distance of the Sun. 

(b) Next, values of the apparent illumination or “‘brightness” were obtained 
by taking the product of the surface albedoes and the illuminations. 
For simplicity only two albedo figures were used: 4 per cent. for water 
and 15 per cent. for land. This then gives the brightness field of the 
Earth before passage of the light up through the atmosphere. 

(c) Next the Earth’s surface brightness was computed after depletion by the 
atmosphere, values for which are known from the incoming sunlight. 

(d) Next was computed the atmospheric contribution to the brightness 
field at the vehicle. This was done by estimating from available 
observations, the portion of radiation coming from the sky to the ground 
(i.e. the downward radiation or “‘skylight’’) and by assuming that the 
same fraction of illumination is scattered upward. This procedure 
assumes that the atmosphere is a “uniform diffuse reflector’ of the 
brightness shown. 

(e) The two brightness values—from the Earth’s surface and from the 
atmosphere—are added together to give a total brightness. 


To distinguish the over-all brightness contrast between ocean and land, for 

example, the fractional contrast F = 2B Bo must be larger than 1/10. The 
B, + Bo 

computed values of F (not shown) are considerably larger than this value, 

except near the periphery, indicating that for most of the observed area land 

can be readily distinguished from ocean. 

Colour contrasts of objects on the ground tend to be suppressed in at least 
two ways: selective scattering of the bluer components by atmospheric molecules, 
and “dilution” of colours by the white diffuse component contributed by the 
non-selective foreign particle scattering in the atmosphere. 

The effect of the first type of scattering is to deplete the blue colours relatively 
more than the longer wave-lengths. The over-all effect is to emphasize red 
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colour components of the objects on the ground, as compared to the blue com- 

ponents; and to screen both with diffuse light consisting of a relatively large blue 

component mixed with white light. The over-all result would be to give a 

bluish tinge to what is seen, since the blue scattered from the incident solar 

beam would more than make up for the blue-depletion of light coming from 
the ground. 

As to the colour of the sky on the horizon, we might expect that there would 
be a grey leyer, corresponding to the atmosphere say in the lower 10,000 ft., 
with an upper thin blue region in the region of substantial Rayleigh scattering, 
and black above that. 

Thus, as a result of all these calculations, a reasonable picture was obtained 
of the surface features of the Earth under normal conditions of June 21 ground 
cover illumination, albedo and atmospheric effects, but without clouds. Over 
this chart was sketched a hypothetical cloud pattern normally associated with 
certain atmospheric disturbances. Albedo values were assigned to various 
cloud types and their brightness as computed. These “disturbances” included 
the following :— 

(a) A cyclone family of three storms in various stages of development 
extending from Hudson Baw south-westward to Texas. 

(b) The north-eastern part of another such cyclone family whose oldest 
member is in the Gulf of Alaska, the remaining members to the south- 
west being invisible. 

(c) A fully developed hurricane embedded in 
the West Indies. 

(d) The-Intertropic Convergence Zone (or Equatorial Front)—a zone of 
interaction between the north-cast trades of the northern hemisphere 
and the south-cast trades of the sothern hemisphere—extending west of 
Isthmus of Panama. to the mid-Pacific. 

(ec) A “‘line-squall’’—favourite breeding-ground of severe wind storms and 
tornadoes—in the eastern U.S. moving ahead of the cold front and 
surrounded on both sides by the cauliflowerlike cumulus congestus. 

(f) Scattered cumulus clouds of varying thicknesses over the heated land 
areas—especially in the mountains and other areas where dynamic 
effects encourage the lifting of air in vertical columns. 

(g) Altocumulus lenticularis or lens-shaped clouds formed by lifting of 
layers of moist air over mountains and usually found where the ‘‘jet- 
stream’”’ crosses mountains, as over the northern Canadian Rockies. 

(kh) Low stratus and fog found off the southern and lower California coasts, 
over the Great Lakes, the Newfoundland area, formed by passage of 
warm moist air over cold surfaces. 


ae 


streets’ of trade cumuli in 


The cumulus cloud systems over the oceans will tend to fall in fairly regular 
patterns or “‘streets’—even more so than was observed over the rough terrain 
in the V2 picture. The regularity of the ocean cloud systems in the present 
sketch is probably exaggerated, but its breakdown into a more irregular pattern 
over land is believed to be real. The centres of the anticyclonic or “high 
pressure’’ areas are marked by little or no cloud. 
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This then is the hypothetical picture visible from the 4,000-mile high vehicle 
over Amarillo, Texas. Some of these clouds, such as the Trade Cumuli, could 
undoubtedly be observed on almost any day and others, such as the hurricane, 
seen only rarely. The cyclone families would be observed daily, but their 
location, the number of individual storms, size and intensity would vary 
geographically. A meteorologist given a clear picture of the cloud distribution, 
as here portrayed, could without difficulty sketch in a very uscful weather chart 
showing location of the various stormy and fair weather areas; in fact, he would 
have a much better idea of the large-scale weather distribution than his Earth- 
bound collezgue, who is forced to rely on scattered observations taken at or 
near the Earth’s surface. 

As for obtaining two or more “‘fixes’’ on storms within 12 hours, this would 
be possible as the vehicle makes successive passages toward the Poles—and the 
closer to the Pole the storm is located the more such fixes could be made. For 
example, the large fully developed storm depicted over Hudson Bay would be 
visible first on one leg of the path, again 4 hours later on the next leg, and 
again 4 hours later on a third leg. This would, by reference to known surface 
features, enable tracking of the storm in the 12-hour fnterval. A word of 
caution is necessary since the clouds which on one hand make possible the 
visual identification of the storm will hinder its location with respect to known 
surface features. Nor would trying to track the storm by observing the edge of 
its cloud shield necessarily give an accurate track, since the changing cloud 
pattern associated with such large, usually dissipating storms may give spurious 
motions, as they form on one side and dissipate on the other. Thus, there will 
not be too good an accuracy for tracking these large storms, but this is not too 
important since their speed of motion is usually slow anyway. On the other 
hand, the incipient or developing storm, so important for future weather develop- 
ments, is faster moving and has a less extensive cloud system associated with 
it so that more accurate fixes should be possible. The hurricane; with its cloud 
bands, similar to the arms of a spiral nebula, and its open “eye”’ at the centre, 
will be a much easier storm to detect and follow accurately. Cloud systems 
associated with cold fronts and squall-lines will also lend themselves to 
accurate tracking. 

As the days pass, however, and the Earth moves in its orbital motion about 
the Sun, the vehicle will cross each latitude about 4 minutes earlier than the 
preceding day. Thus, if motion northward is started at noon on March 21, this 
will change on June 21 to 6 a.m. moving north and 6 p.m. moving south; in this 
case, the field of view in daylight will be mostly to the east (going north) and to 
the west (going south) and the efficiency of the vehicle as a cloud patrol will have 
diminished considerably. On September 21 its efficiency will increase again as 
it moves south at noon and north at midnight. However, on December 21 its 
efficiency will drop again—and to its lowest point as far as the Northern 
Hemisphere is concerned. It will move north at 6 p.m. and south at 6. a.m.— 
but because of the low solar declination at this time and consequent lack of 
daylight hours, its usefulness as a cloud and storm detector will be greatly 
impaired. This is a serious defect because the winter season is the busiest 
period for storms in the Northern Hemisphere. This suggests as a better 
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solution that the preceding plan, the initial movement northward or southward 
at noon on December 21. This will then give optimum conditions for winter 
weather patrol—excluding the Arctic and some distance south where little or 
no daylight will prevail. 

This visual cloud reconnaissance might be taken automatically by a tele- 
vision camera in an unmanned vehicle and relayed to Earth to various collection 
centres for study, analysis and exchange with other forecast offices to obtain 
a truly global weather picture. If the vehicle could be properly manned and 
equipped, then other valuable geophysical and solar data could be obtained as 
follows :— 


(a) Temperature of the Earth’s surface and a rough average temperature of 
the intervening atmosphere by observing the infrared spectrum. 

(6) Precipitation areas (rain, snow, etc.) could be detected by radar as well 
as the heights of their formation above the surface; also the height of 
the freezing level which shows as a bright band in the radar scope. 

(c) Thunderstorm Areas—by location of lightning either visually (at night) 
or electronically (at day). 

(2) Solar Radiation measurements, particularly in the ultra-violet, to 
correlate with weather changes in an attempt to see if unusual spells of 
weather are solar-controlled. 

(e) Albedo Measurements—to keep a global account of the day-to-day 
changes in reflectivity of the Earth’s surface to solar radiation from the 
ground and water surfaces (including snow and ice cover), clouds, 
atmospheric turbidity. Long-time variations in the Earth’s albedo 
could be correlated with similar variations in climate. For example, it 
has been estimated that a one-point drop in Earth’s albedo from its 
average value of 35 per cent. would lead to an average world-wide 
warming of 1°C. The fraction of sky covered by clouds is of such 
critical importance in albedo changes that it has been estimated a 
variation in the average world cloudiness from 0-4 to 0-6 would explain 
the whole range of climatic changes—from ice ages to the intervening 
warm periods. 

(f) Meteoric Dust—samples could be obtained to test a recently proposed 
theory that these particles may serve as cloud-seeding agents, thus 
causing increases in rainfall, especially after meteoric showers. Samples 
of the dust to test in cold boxes, together with measurements of their 
natural concentration would shed direct evidence on a problem which 
heretofore has only been possible to treat statistically. 


In summary, it can be stated without question that a satellite vehicle, 
moving about the Earth at the proper height and manner would be of inestimable 
value as a weather patrol for short-range forecasting and as a collector of basic 
research information for solar and geophysical studies, including long-term 
weather changes and climatic variations. 
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DESIGN OF THE LIFE COMPARTMENT 
NECESSARY FOR SPACE TRAVEL 


By N. R. NICOLL 


(A paper read to The British Interplanetary Society in Birmingham on 
April 8, 1952, and in London on March 6, 1954.) 


SUMMARY 


The composition of the life compartment of a spaceship is dealt with and an overall 
weight of under one ton arrived at. 

The compartment is of double-walled construction, containing equipment for atmosphere 
control, variations in g and other necessities for the survival of a crew of three for fifteen days. 


Introduction 


Many papers have been presented and much work has and will be done in 
the immediate future in the endeavour to get something off this Earth. This 
something—this ‘‘payload’’—which we are struggling to put in space is, ulti- 
mately, of course, Man himself. There will be a period of experimenting when 
inanimate and ingenious devices will be accelerated to greater and greater speeds 
until they achieve a non-return. But what intelligent man will ever be content 
to see only photographs or watch shadows on a screen? He must experience 
the new phenomena with all his senses. Many of the cunning contrivances will 
be indispensible, such as tanker rockets, freighters, photographic surveys, and 
information collectors; but their contribution will be to one end—Man’s travel 
beyond this Earth. . 

It has been pointed out in many papers how very precise and meticulous 
must be the design and fabrication of rocket motors and other pieces of 
machinery, but it is no less important to provide the correct working mixture 
for the human machine, although perhaps this latter has somewhat more adapta- 
bility!’ I have tried, therefore, in this paper, to outline the requirements 
necessary to sustain life during extra-terrestrial journeys and indicate how they 
may be met. 

I am assuming that the journeys will be made by means of Orbital Refueling, 
i.e. leaving the Earth and accelerating to such a velocity that it is possible to 
orbit at a height of about 1,000 miles and there to refuel from tanker rockets 
previously projected into that orbit.1. The next stage is to proceed to a Lunar 
orbit (depositing other tankers if a landing is to be made), and returning to the 
Lunar orbit for refueling, before proceeding to the Earth orbit, there to transfer 
to a different type of vehicle for the return to Earth. 

This paper is based upon an available payload of three tons, which seems to 
lead to a reasonably acceptable mass ratio. 


The Life Compartment* 
The shape of this is parabolic, with a somewhat saucer-shaped base (Fig. 1). 
To transmit part of the thrust, weight and pressure there are three tubular 


* The configuration of this design is based upon the suggestions of Mr. R. A. Smith, to 
whom I am grateful for assistance 
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Model of Life Compartment of Lunar space-ship. 


pillars of light alloy, about 3 in. in diameter, running from the apex to the base. 
Encircling these is a horizontal ‘‘catwalk’’ of corrugated alloy sheet, and at 
right angles to this, at its outer edge, there is another ‘“‘catwalk’”’ running right 
round the lower wall of the parabolic dome. As this is the pressurized cabin, 
it is provided with suitable air locks for entry and exit. Some two-thirds of the 
way up the “‘wall’’ are set small bulls-eye ports of thick plastic. These are to 
provide natural lighting, the focus of the lens being such that a wide diffuse 
patch of light is cast inside. 
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The construction of the life compartment is of two thin skins of aluminium 
alloy, separated at a distance of 2 cms. by small spacers. There is a two-fold 
reason for the double skin construction, one being to reduce the transfer of heat 
into or out of the compartment, the other to reduce the risk of damage through 
punctures caused by meteorites. 

It has become clear from experiments with various finishes that if both sides 
of the outer skin and the outer side of the inner one are polished, the interior 
being painted a pale-green, the heat transfer is reduced to 1 per cent. This 
means that the amount of heat leaking in from that part of the outer surface 
exactly facing the Sun would be 0.02 calories per minute per square centimetre, 
with an outside skin temperature of some 50°C. Actually, as the vessel is 
cylindrical and the life compartment a parabolic dome, by far the greater area 
will be oblique to the Sun’s rays and almost half in darkness. Even so, it is 
assumed that a certain amount of internal cooling will have to be done to get 
rid of heat generated by machinery, electronic equipment and personnel; 
particularly as, on the Moon’s surface, there will be considerable reflection 
of heat. 

It has been suggested that a meteoric ‘“‘bumper’’ placed around an object in 
space greatly reduces collision hazards. This is because, when a meteor collides 
with a thin sheet of metal, the local temperature produced is sufficient to 
vapourize both the particle and the area of impact—if one assumes that all the 
energy is transferred into heat. If, as is more probable, there is a sharing of 
energy between heat and mechanical deformation, as suggested by Dr. N. H. 
Langton, the formulae by Grimminger? still give results of the correct order of 
magnitude. 

Using this formula, we find that a thickness of 1 mm. gives protection from 
penetration by meteors up to visual magnitude 6 (iron 6 x 10-* cms. diameter) 
and velocities up to 624 Km.p.s. As the period between impacts of meteors of 
magnitude 6 and larger upon an area such as a spaceship is 1,000 hours, it will 
be seen that it is not necessary to make the skins of thicker metal than 1 mm. 
from this point of view. 

As the finish of the inside surface of the compartment makes extremely little 
difference to its thermal insulation, a coating of a pale-green self-sealing 
compound would serve both to alleviate leaks and would also be less distressing 
psychologically than a highly-polished parabolic reflector. Our astronauts 
might not think it amusing to live in a hall of distorting mirrors for a fortnight ! 


Atmosphere Control 

If we assume that our life compartment contains a crew of three, our next 
problem is to ensure that they shall have safe and breathable air for a journey 
lasting, say, 15 days. 

Investigation has shown that the most efficient, economical and weight- 
saving method of purifying the air for a journey of this duration, is by the 
removal of the carbon dioxide by lithium oxide. This method has been 
dealt with in a previous paper by N. J. Bowman.’ The apparatus required is 
simple, as it is sufficient merely to bubble air through an aqueous solution of 
lithium oxide for the removal of the carbon dioxide. It is, however, necessary 
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to remove it at low concentrations, as the danger level is only 0-3 per cent., 
which means that 10 cubic feet of air per minute per man must be treated to 
keep the carbon dioxide content at the safe level of 0-2 per cent. 

This method, of course, only extracts the gas; it does not replace the oxygen 
lost. (It would not be economical to crack the CO, to regain the oxygen for 
such short periods, as the weight of furnace, power pack, etc., would be con- 
siderable, but on much longer journeys, i.e. of some months’ duration, it appears 
attractive.) 

To replace the oxygen used it is most convenient to carry it in liquid form 
and dispense it by a simple apparatus, similar to that which Stevens and 
Anderson used in their high-altitude flights. There is a considerable variation 
in the amount of oxygen required by a man, depending upon his level of work; 
but assuming that the average level of work over the whole 15 days is moderate, 
then 2-2 lb. per man per day is sufficient. . 

A small refrigeration plant is necessary to remove the water vapour, as then 
all but two pints per man per day can be reclaimed. This is the same plant that 
deals with the excess generated heat, so that by collecting the air from the axis 
of the dome and passing it through the cooling pipes, the water is condensed off 
and the air circulated through the Lithium tanks. Oxygen is then added, and 
the air returned to the compartment through ducts in the wall and floor 
junction. 


Lack of Gravity 

As the state of zero gravity will be in effect for some 98 per cent. of the 
journey, it may be necessary to simulate gravity by some means. It would seem 
that it will neither be harmful, exceptionally painful nor fatal. It may be 
unpleasant, perhaps, and even amusing for the observer, if not so for the 
unfortunate subject, who floats about without any recognizable “up” or “down”, 
rebounding from all obstructions and with limbs flying violently about at the 
slightest muscular movement. It has been suggested by physiologists that the 
only human organ possibly affected would be the balance mechanism situated 
in the inner ear.5 If this is to be the case, it may be most uncomfortable, and 
even extremely distressing over a period of days. It may produce giddiness, 
vertigo, and vomiting, for these are the effects produced by conflicting reports 
coming from two or more sensory organs, such as occur in air and sea sickness. 
The inborn instincts of millions of years of evolution under the influence of 
gravity will suggest that, without support, the body must be falling, yet the 
information received by the brain from other sense organs does not substantiate 
this. This mental disturbance then becomes a physical one also, with most 
unpleasant results. No doubt the body would gradually get used to this and 
learn that a new set of rules must now apply, for the human frame is remarkably 
adaptable. Nevertheless, the period necessary for this to happen can be most 
distressing. 

It is not only the human crew which make the provision of a simulated 
gravity advisable, for it is necessary for the correct working of many pieces of 
mechanical and electrical machinery where convection or gravitational separa- 
tion take place. 
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To obviate all this, it is proposed to rotate the ship about its axis, and not 
by providing members of the crew with magnetic boots, for, apart from being 
somewhat useless on a duralamin floor, it is the whole of the body which needs 
a direction indicator! In order to provide a gravity comparable with that on 
Earth it is necessary for a life compartment of 18 ft. diameter to be rotated at 
3-3 revolutions per minute. This could be produced by small rocket motors 
placed tangentially on the periphery. Their firing time would be very small, as, 
once started, the rotation would continue until such time as it was necessary to 
stop it by an identical pair whose thrust was in the opposite direction. Hydrogen 
Peroxide would be very suitable for this. — 

This artificial gravity could be ‘“‘switched on’’ whenever it was felt necessary, 
probably just after the main rocket motors had been shut down, and the space- 
ship was coasting. The crew will undoubtedly experiment during a period of 
zero gravity both with their own reactions and with inanimate objects, so that 
it is desirable to have this contro] non-automatic. When rotation does com- 
mence, that part of the compartment which was previously the wall now becomes 
the floor. Hence it will be necessary for the chairs to be able to move sideways 
through at least 90 degrees, as will be seen in Fig. 1. 

This requirement is met by having the chairs running on curved rails so that 
their position changes as does the direction of the gravitational field. These 
chaises longues are also capable of being altered from the sitting-upright position 
to the recumbent by the adjustment of a small wheel incorporated in one of the 
arms. The framework is of light alloy tube to which is attached a mesh of 
phosphor-bronze wire supporting a thick foam-rubber cushion covered with 
suitable material. From the left-hand side of each crew position springs an 
arm, which carries the action control panel. This can be swung into position 
in front of the operator and moved to be in an equally convenient position 
whether upright, recumbent, or intermediary. 

I assume that the control panel will contain a few dials, but that circuit 
checking will be carried out by connecting oscilloscopes into various points by 
means of jack plugs. Perhaps a large cathode-ray tube for the display of the 
views from the television cameras astern of the ship, an intercom., microphone 
and speaker, and a few switches will also appear. 


Equipment 

As the compartment is rotating, some method must be found to provide a 
stationary view of the outside universe. This may be accomplished by rotating 
a suitable system of mirrors or prisms in phase with the ship. Running up the 
axis of the life compartment and projecting through the nose is the coelostat 
tube topped by a semi-elliptical mirror which can be tilted and rotated by 
a servo magslip motor thus allowing viewing in all directions, except a 
small area aft. The eye-piece of this instrument is available to any of the crew. 
Also running round the coelostat tube at the top on a similar rack is the micro- 
wave antenna for communication purposes. Ample storage space is provided 
in the nose end and also in the centre portion of the base for the various control 
equipment, power packs, stores, and exploration apparatus. These spaces must 
be so designed that the doors remain free to move when the “up” and “‘down”’ 
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off becomes a wall, and what was a wall becomes a floor. 

Two airlocks are provided, just below the saucer-shaped base of the life 
compartment. Entry would be made by a small circular hatch in the base 
which can be operated from either within or without by a handwheel controlling 
locking bolts which cramp down the hatch cover into its sealing bed. A 
compressor is used to empty the lock when the space-suited member of the 
crew is inside, the air being stored in a pressure cylinder for use when the 
member returns and the airlock is again filled. If each lock is 3 ft. by 4 ft. by 
7 ft. it is sufficient to accommodate all three at a time if necessary. 

The toilet requirements for such comparatively short journeys could be taken 
care of by chemical disposal of waste and purification of urine for secondary 
purposes. This might well be situated in the airlock. 

The amount of food consumed varies in a similar manner to that of the 
oxygen consumption, being dependent upon the amount of work done. But 
assuming that very little work will be done on most of the journey, with perhaps 
a considerable amount during the Lunar exploration, 1 Ib. per man per day 
appears adequate. This, of course, would be dehydrated and of high energy 
content as only on long trips would a large replacement of vitamin foods be 


necessary. 


Calculation of Weight 
The following weights of the life compartment and its contents have been 
calculated :— 


Weight of structure 1,220 Ib 


150 » 





> airlocks : j 

» coelostat apparatus re ” 52 » 

» chaise longue and rails .. “5 84 » 

> catwalksand supports... ai 196 » 

> refrigeration plant as e 56 > 

> food,O,andapparatus... 7 168 » 

» water “< ‘4 3 - 112 » 
2,038 lb. 


This yields the rather surprising fact that the life compartment necessary 
for space travel weighs less than one ton, which leaves available two tons for 
scientific apparatus, power supplies, control equipment and crew. 
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THE MECHANICAL PENETRATION OF 
BUMPER SCREENS 
By N. H. Lancrton, M.Sc., Pxo.D., A.M.Brit.I.R.E., A.Inst.P. 


SUMMARY 


The mechanical penetration of bumper screens of different materials by an iron or stone 
meteorite is investigated theoretically, tables and graphs showing the penetrations for 
different sized meteorites at varying impact velocities being given. These values are 
compared with those for the thermal penetrations, and conclusions about the design of 
bumper screens and spaceship hulls thereby obtained. 


Introduction 


In a recent investigation of the possibility of using a protective screen by 
which meteorites are destroyed thermally,’ according to the suggestion of 
Whipple,” the author had to consider an aluminium bumper screen because of 
the lack of reliable thermal data for dural. It was thought that it might be 
interesting to follow this up by considering the efficiency of an aluminium screen 
from the point of view of mechanical penetration as dealt with by Grimminger.® 
The only types of screen so far considered have been those made from dural or 
stainless steel, and it was thought that an aluminium screen, although thicker 
for the same stopping efficiency, might have less weight than an equally effective 
dural or steel screen. Because iron meteorites penetrate more than the stony 
kind, the theory was worked out using the equations for penetration derived by 
Ovenden, ‘ together with a new formula for an aluminium screen derived below. 
The results were unexpected, and led the writer to examine the equations 
given by Ovenden and derive them afresh with reference to Grimminger’s 
original work. When this was done it was found that Ovenden’s equations were 
incorrect. Although the error in Ovenden’s equations is small, it is unfortu- 
nately on the wrong side, and the penetrations obtained by Ovenden are too 
small. Since the error would be significant in deciding the best material 
for the construction of a bumper screen, it was thought worth while to derive 
the correct penetration equations in the case of iron meteorites, not only for 
dural and stainless steel, but also for other materials. This is done below and 
also a comparison of the various screens is made both from the points of view 
of mechanical and thermal penetrations. 


Grimminger’s Penetration Equation 


In his classic paper on the mechanical penetration of metal plates by 
impacting particles Grimminger® derives the following equation: 


T/d = (4/30).loge(v/5,000) + p.25.108/3C.. ak 
where, 

T = the distance penetrated, 

d = the diameter of the meteorite, 

v = the velocity of impact in ft./sec., 

ao = (density of screen material) /(density of meteorite), 

p = density of meteorite, 

C =a constant for any particular screen material. 
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Since T and d occur in a ratio, they may be in any units, and hence the right- 
hand side of equation 1 is dimensionless. In the first term, o is a ratio and hence 
the densities may be expressed in any units, but the 5,000 in the denominator of 
the log is five times the velocity of plastic deformation which is 1,000 ft./sec. 
Hence v must be expressed in ft./sec. If v is expressed in kms./sec., then the 
5,000 must be replaced by 1-524 

The error in Ovenden’s paper lies in the evaluation of the last term in 
equation 1. This term is p.v?/3C = t/d and gives the penetration ¢ when the 
velocity of the particle is dropping from 5,000 ft./sec. to rest. This equation 
is based upon an empirical formula (see Grimminger) obtained from experiments 
using a copper plate. Since this term includes p, the density of the meteorite, 
it will not have the same value for iron particles as for stony meteorites. 
Ovenden has taken the value to be the same for both types. of particles, and the 
last terms in his equations are therefore wrong. If we measure v in ft./sec., 
which is most convenient, then p must be expressed in slugs/ft.* This is easily 
done, since 1 grm./c.c. = 1-94 slugs/ft.? Hence the density of stony meteorites 
is 3-4 grm./c.c. = 6-6 slugs/ft.*, and the density of iron meteorites is 8-0 grm./c.c. 

15-52 slugs/ft.® 

The empirical ballistic formula quoted by Grimminger leads to a value of 
C = 5-03.107 Ib. mass/ft. sec.* for a spherical particle in copper. Grimminger 
states that the value of C is directly proportional to the “ultimate tensile 
strength” of a material, and hence obtains values of C for other materials using 
the equation: 

C = (5-03.107).(strength of material)/(strength of copper). 

For example, the ultimate tensile strength of stainless steel is twice that of 
copper, so that the value of C for steel comes out to be 10-06.107 Ib. mass/ft. sec.? 

In his paper, however, Grimminger takes the value of C for dural to be 
5-03.10’, inferring that copper and dural are of the same tensile strength. It 
seems likely that tensile strength (tenacity) of dural is higher than that of 
copper and so the penetrations would be a little less than those given by 
Grimminger. At the moment, however, because of the rather doubtful nature 
of the tenacity figures available, we will keep to Grimminger’s figures. 


The Penetration Equations for Iron Meteorites 
The following values will be used for the values of the constant C.: 
For dural (or copper), C = m 03.107 Ib. wt./ft.* 
For aluminium, C = 2-62.10’ ,, £ 
For stainless steel, C = 10-06.107 ,, a 
For chrome steel, C = 30-18.107 ,, __,, 
Taking the density of the iron meteorite to be 15-52 slugs/ft.5 we obtain the 
following penetration equations: 
For dural or copper, 7/d = 3-82 loge (v/5,000) + 2-58 
For aluminium, T/d = 3-95 loge (v/5,000) + 5-14 
For stainless steel, 7 /d = 1:35 loge (v/5,000) + 1-29 
For chrome steel, T/d = 1-35 loge (v/5,000) + 0-428 . 
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In all cases, v, the impact velocity, is in ft./sec. 
If we let v = 76 km./sec. = 250,000 ft./sec., the above equations reduce to: 


T = 17-49d for dural or copper... 5 
T = 20-57d for aluminium .. ‘ gt: a 
T = 6-56d for stainless steel Ft oe 
T = 5-703d for chrome steel 9 


Thus the penetrations are greater than those given by Ovenden (T = 16-0ld 
for dural and T = 5-82d for stainless steel). Equations 3, 4, and 5 give results 
which are plotted in Fig. 1 (page 286). 


The Penetration Equations for Stone Meteorites 

The penetration equations in the cases of dural and stainless steel for stony 
meteorites have been given by Grimminger. These equations are given below 
together with the equations for aluminium and chrome steel bumper screens. 


For dural or copper, T7/d = 1-62 loge (v/5,000) + 1-10 .. oa 
For aluminium, T/d = 1-676 loge (v/5,000) + 2-185. . me 8 
For stainless steel, T/d = 0-58 loge (v/5,000) + 0-55 .. oe 
For chrome steel, 7/d = 0-58 loge (v/5,000) + 0-182.. eae 
When the impact velocity is 76 kms./sec., these equations reduce to: 
T/d = 7-44 for dural or copper... ie, 
T/d = 8-75 for aluminium .. ‘s <a 
T/d = 2-82 for stainless steel ne ree 
T/d = 2-45 for chrome steel Sa <s oh 


For comparison purposes, the results from equations 10, 11, 12 and 13 are 
plotted in Fig. 2. 


Comparison of Various Screens 
Since the addition of a bumper screen to a space vessel will involve an 

increase in weight, it is of interest to calculate which screen material provides 
the smallest weight addition for equal meteoritic stopping efficiencies. For the 
sake of illustration, let us suppose that the surface area of the bumper screen is 
100 sq. metres. The thickness of the screen will be taken as that which will 
just be penetrated by a meteorite of visual magnitude 10 with an impact 
velocity of 76 km./sec. Hence d = 1-83.10-? cm. We will assume the impacting 
meteorite to be of the iron variety, since these penetrate more than the stony 
meteorites of the same impact velocity. 

Hence, for dural, T = 17-49.1-83.10-2 cm. = 0-320 cm. 

Similariy, for aluminium, 7 = 0-377 cm. 

Similarly, for stainless steel, T = 0-1218 cm. 

Similarly, for chrome steel, 7 = 0-1042 cm. 
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These values then are the bumper screen thicknesses which will just give 
protection from this meteorite. 

Taking the density of dural to be 2-79 grm./c.c., we obtain the mass of the 
dural screen to be 893 kilos. Taking the density of aluminium as 2-70 grm./c.c. 
gives a mass of 1,016 kilos. Taking the densities of stainless steel and chrome 
steel both as 7-87 grm./c.c. gives the mass of the chrome-steel screen as 821-5 
kilos, and that of the stainless-steel screen as 960 kilos. 

Thus we have the following results: 


Mass of aluminium screen = 1,016 kilos = 1-001 tons 
Mass of dural screen = 893 kilos = 0-879 ,, 
Mass of stainless-steel screen = 960 kilos = 0-945 __,, 
Mass of chrome-steel screen = 821-5 kilos = 0-809 _,, 


Hence, other things being equal, chrome steel is the best material for the 
construction of a bumper screen, the next best being dural. The chrome-steel 
screen gives a saving of about 431 Ib., or 19 per cent. over the aluminium screen, 
and the dural screen gives a saving of about 273 Ib. or 12 per cent. over the 
aluminium screen. The stainless-steel screen is about 7-5 per cent. heavier than 
the equally effective dural screen, and about 17 per cent. heavier than the 
chrome-steel screen. 


Mechanical and Thermal Penetrations 

Figs. 1 and 2 show that the penetration equations plot to give straight 
lines. Fig. 3 gives the lines for stone meteorites. The results for dural and 
stainless-steel screens have been given before by Grimminger, but are redrawn 
here so that they can be compared with the straight lines resulting from the 
equations for aluminium and chrome-steel screens. Since the tenacities of 
aluminium and chrome steel represent the extreme low and high values of 
possible screen materials, the properties of an actual screen will be given by 
some line parallel to and in between the aluminium and chrome-steel lines for 
any required velocity of impact between 10 km./sec. and 300 km./sec. In order 
to prevent overcrowding on the graphs Figs. 1 and 2, only three impact 
velocities are plotted, viz.: 10, 76 and 300 km./sec. These values are 
sufficient, however, since they cover the extremes, any intermediate impact 
velocity being represented by a line in between the lines for 10 km./sec. and 
300 km./sec. parallel to the plotted lines. It is unlikely that any impact 
velocity over 76 km./sec. will be met with during an interplanetary flight. The 
graphs show that a dural screen of 1 mm. thickness will stop mechanically 
a stone meteorite of visual magnitude greater than 4, whilst a chrome-steel 
screen will stop particles up to a visual magnitude just above zero for an impact 
velocity of 76km./sec. In the case of iron meteorites of the same impact 
velocity, a dural screen will just be penetrated by one of visual magnitude 
about 14, and a chrome-steel screen by one of visual magnitude about 10 when 
the screens are 1 mm. thick. Thus a chrome-steel screen gives a fairly satis- 
factory protection. On the graphs, the impact velocities are given at the upper 
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end of each line, the unmarked lines being for velocities of 300 km./sec. The 
thin horizontal lines indicate the diameters of meteorites of magnitudes 0, 4, 6, 
8, 10 and 15. The actual penetration values for aluminium and chrome-steel 
screens as obtained from equations, 3, 5, 11 and 13 are given below. The values 
for dural and stainless-steel screens have already been given by Grimminger. 

In these tables the vertical columns give the penetrations in cms. for 
meteorites of visual magnitudes (V.M.) given at the head of each column, the 
corresponding impact velocities are in the first column. In the cases of 
penetration by iron meteorites more impact velocities have been considered, 
because these results are needed later. 


Equality of Mechanical and Thermal Penetrations 


The above tables give the penetration of various screens by iron and stone 
meteorites at differing impact velocities. These results are essential for the 
designing of a screen or hull which will offer adequate protection against 
penetration. Penetration may also take place thermally, as explained and 
investigated in a previous paper.! In this previous paper some figures are given 
for the thermal penetration of dural screens, assuming that the whole of the 
energy of collision is dissipated as heat, and that there is no mechanical penetra- 
tion. Grimminger’s theory, used in obtaining the results above, takes the other 
extreme view, that is, that all the initial energy is used in producing the 
mechanical effect, and no thermal penetration is included in the results. 
Obviously both theories are incorrect, and in practice the initial energy will be 
shared between mechanical and thermal effects. It is not possible to say how 
this sharing will take place, but the mechanical penetration will be less than 
that predicted by Grimminger, and the thermal penetration less than that 
predicted by the present author. Owing to losses not considered in either 
theory, the actual penetration in each case will probably be less than either the 
mechanical or thermal penetrations calculated separately. Thus if the thickness 
of a screen were to be calculated from either point of view, any error would be 
on the safe side. Also, since iron meteorites do more damage than the stony 
type, it is only necessary to consider the former particle. 

At first sight it appears that the mechanical penetration is much greater than 
the thermal, so that from the design point of view we can ignore the thermal 
penetration figures. A more detailed investigation shows, however, that the 
thermal penetration increases with impact velocity more rapidly than the 
mechanical penetration, and that there is a certain impact velocity for any 
meteorite when the two are equal. Above this impact velocity, the thermal 
penetration predominates, so that the design must be from the thermal point 
of view. It is necessary therefore to find the velocity of impact at which the 
two penetrations are equal. Calculations have been made for a dural and a 
steel screen. The thermal data for dural and chrome steel <t high temperatures 
is not known, so that values for aluminium and iron have had to be used. These 
values, however, will differ but little from the correct figures, and the error thus 
caused will probably be within those errors due to the uncertainty in the 
meteoritic data. 
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TABLE I 
ALUMINIUM SCREEN STONE METEORITE (MECHANICAL) 
v km/sec. V.M. 0 | V.M. 4/)V.M.=6 | V.M. =8 | V.M. 10 | V.M, = 
| 
ee 2 CO reas 28 irene 
10 | 2-08 0-609 | 0-33 0-18 | 0-01 0-021 
20 3-41 0-998 | 0-541 0-295 | 016 | 0-034 
300 | 431 1-258 0-683 | 0-372 | 0-202 | 0-043 
TABLE Il 
ALUMINIUM SCREEN—IRON METEORITE (MECHANICAL) 
| | 
10 4-901 1433 | O-778 | 0-42 0-23 0-049 
20 5.97 1-75 | 0946 | 0516 | 0-28 | 0-06 
30 6-60 1-93 | = 1-05 | 057 | 0309 0-066 
40 6-88 2-01 1-09 | 0595 | 0-326 0-069 
50 7°39 2-16 1-17 | 0638 | 0-346 | 0-074 
60 | 7-66 2-24 1:21 | 0-662 | 0-36 0-077 
70 7-90 2-31 1:25 | 0-683 | 0371 | 0-079 
76 8-02 2-34 1-27 | 0-693 | 0-376 | 0-080 
80 8-11 2-37 1-28 | 0-700 | 0-380 0-081 
100 | 8-45 2-47 1-34 0-73 | 0-396 | 0-085 
150 9-07 2-65 1-44 0-784 0-426 0-091 
200 9-73 2-78 1-51 0-821 | 0-446 | 0-097 
300 10-14 2-96 161 | 0-876 | 0-476 0-099 
500 | 10-92 3.19 1:73 | 0-944 | 0512 | 0-109 
; 800 11-64 3-40 2-41 | 1314 | 0-546 | 0-116 
| | | 
TABLE III 
CHROME STEEL IRON METEORITE (MECHANICAL) 
1-158 0-339 | 0-184 0-100 0-0544 0-0116 
1-505 0-440 0-239 0-130 0-015 0-0151 
1-740 0-509 0-276 0-150 0-0816 0-0174 
1-888 0-552 0-299 0-163 0-089 0-0189 
2-01 0-588 0-318 | 0-174 0-094 0.0201 
2-10 0-615 0-333 0-182 0-099 0-0210 
2-181 0-638 0-346 | 0-189 0-103 0-0218 
2-225 0-651 0-467 0-192 0-105 0-0223 
2-252 0-659 0-357 0-195 0-106 0-0225 
2-37 0-694 0-376 0-210 0-111 0-0237 
2-59 0-756 | 0-410 | 0-223 0-121 0-026 
2-74 0-801 0-434 | 0-237 0-129 0-027 
2-95 0-864 0-468 | 0-260 0-139 0-0295 
3.22 0-941 | 0510 | 0-278 0-151 0-0322 
3-465 1-014 0-549 | 0-299 0-163 0-0347 
TABLE 
CHROME-STEEL STONE METEORITE (MECHANICAL) 
0-497 0-145 | 0-079 0-043 0-023 0-005 
0-956 0-279 | 0-151 0-083 0-0448 0-0096 
1-267 0-371 | 0-201 0-109 0-059 0-013 
| 
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The thermal penetration equation for an aluminium screen and an iron 

meteorite has already been obtained,} and is 
v? = 104-67%/m + 2-892 
where m is the mass of the impacting meteorite. In terms of the meteorite 
diameter d, this equation becomes, 
T3/d? = 0-0401v? — 0.116 .. i oe,  : 

where v is in km./sec. and 7 and d. in cm. 

Taking the specific heat of iron as 0-153 and its latent heat as 70 cals./grm., 
we obtain the thermal penetration equation for a steel (iron) screen and an iron 
meteorite to be 


v2 = 262T?/m + 2-89 .. ‘a ~~. 
Or, taking the density of the meteorite as 8-0 grm./c.c., this equation becomes, 
T3/d* = 0-01598 v? — 0-0462 os a, 


The penetration values obtained from these equations are given in the 
tables below. 





























TABLE V 
ALUMINIU} 
v kms/sec. | V.M. = 0 VM. =4]/V.M.=6/V.M.=8 ahi V.M. = 10 | V.M. 
10 0- 617 7 | 0-179 0-0972 0-053 a 0-0288 0- 0062 
20 0-981 0-286 0-155 0-090 0-046 0-0098 
30 1-287 0-407 0-208 | 0-113 0-0604 0-0129 
40 1-56 0-457 0-247 0-135 0-0732 0-0156 
50 1-834 0-533 0-291 0-159 | oO 0861 0-0193 
60 2-062 0-599 0-327 0-177 0-091 0-0206 
70 2-265 0-663 0-342 0-196 0-106 0-0227 
76 2-393 0-700 0-379 0-207 | 0-112 0-0239 
80 | 2.475 0-724 0-392 0-214 | O-116 0-0248 
100 | 2.873 0-841 0-456 0-248 | 0-135 0-0287 
150 | 3.768 1101 | 0-597 | 0326 | O-177 0-0377 
200 | 4565 | 1-335 | 0-724 | 0-395 | 0-214 0-0457 
300 | 5983 | 1-750 | 0-948 | 0-517 | 0-281 0-0598 
500 | 8-41 | 2-457 | 1-332 | 0-726 0-394 0-0841 
TABLE VI 


IRON SCREEN—IRON METEORITE (vamemat) 


0-039 0-0214 0-0046 


| | 1 

10 | 0456 | 0133 | 0072 | 

20 0-722 | 0-211 | 0-114 0-062 | 0-0339 | 0-0072 

40 1:148 | 0-336 | O182 | 0099 | 06-0439 | 0-0115 

60 | 1-505 } 0-440 0-238 0-130 } 0-0706 | 0-0151 

76 | 1.761 | 514 | 0-279 | 0-152 | 00827 | 0-0176 

80 | 1-822 | 0-533 | 0-289 | 0-158 |! 0-0856 | 0-0182 
100 | 2117 | 0619 | 0-335 | 0-183 | 00994 | 0-0212 
200 | 336 | 0-982 | 0-532 0-291 | 01576 | 0-0336 
300 | 4-40 1-286 } 0-698 | 0-380 | 0-2063 | 0-044 
400 | 5.34 | 1560 | 0-846 | 0-461 | 0-2503 | 0-0534 
500 | 6185 | 1:8108/) 06980 | 0535 | 06-2903 | 0-0619 
800 8-47 2-477 1-341 | 0-732 0-3972 | 0-0847 


0-4610 0-0982 





1,000 | 9-82 | 2-870 | 1-555 | 0-848 
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The results given in Tables 5 and 6 are plotted in Fig. 3. The letters at the 
lower ends of the lines refer to the screen material, and the numbers at the 
upper ends give the visual magnitudes of the colliding meteorites. It can be 
seen that the results for the thermal penetrations plot to give straight lines 
whilst the other results give curves which intersect these lines. Only three sets 
of curves are given, those for visual magnitudes zero, 10 and 15, as these are 
sufficient to give the points of intersection. 

What we have done is to solve graphically the equations for thermal and 
mechanical penetrations regarded as simultaneous equations. 

In the case of the iron screen, for example, we have solved the equations. 

T3/d* = 0-016 v? — 0-0462 (thermal) 
and 
T/d = 1-35.logev — 0-14 (mechanical) 
as simultaneous equations. The points of intersection on the graphs give the 
velocities of impact when the thermal and mechanical penetrations are equal 
for an impacting meteorite of given visual magnitude. The points of 
intersection for the three magnitudes chosen lie on a horizontal straight line, 
because the velocity at which the two penetrations are equal does not depend 
upon the size of the impacting meteorite, but only upon the screen material 
for a given meteorite. This can be seen by eliminating JT from the above 
equations, when d disappears at the same time, giving the equation 
0-016 v? — 0-0462 = (1-35 logev — 0-14)* 


showing that the velocity for equal penetrations is independent of the meteorite 
magnitude. It does not seem possible to obtain values of v analytically from 
this equation. The graphs, however, give the velocities for equal penetration 
accurately enough, considering the possible errors in the theories and meteoritic 
data, and illustrate the variation in the penetrations adequately. 

It can be seen that in the case of an aluminium screen and an iron meteorite, 
the thermal and mechanical penetrations are equal for an impact velocity of 
abour 760 km./sec. Below this velocity, the mechanical penetration pre- 
dominates, and above this velocity, the thermal penetration is greater than the 
mechanical. 

In the case of the chrome-steel screen and an iron meteorite, equality of 
penetrations takes place for an impact velocity of about 130 km./sec., and above 
this velocity the thermal penetration is greater than the mechanical. 


Conclusions 

The results shown graphically in Fig. 3 are important for the design of 
bumper screens or the hulls of space vessels. It can be concluded that for an 
interplanetary flight, when the velocity of collision is not likely to be greater 
than about 87 km./sec. (76 km./sec. + escape velocity), the hull or screen should 
be designed from the point of view of mechanical penetration according to the 
corrected equations of Ovenden. This conclusion is, of course, true only in the 
case of chemically-propelled rockets, when the velocity relative to the Earth 
will only just exceed escape velocity. For an artificial satellite the same con- 
clusion is true, as long as we take it that the maximum velocity of a meteorite 
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in the solar system is 76 km./sec. so that the impact velocity of any collision 
will not be greater than about 130 km./sec. 

If atomic fuels are developed and velocities greater than about 54 km./sec. 
relative to the Earth are anticipated, then if a steel hull or screen is used, it 
should be designed from the thermal protection point of view. This will also 
probably be the case if interstellar flight is ever developed. 

If an aluminium screen or hull should be used, the same general considera- 
tions apply, but the velocity of impact for equal penetrations is much higher so 
that for interplanetary flight the thermal penetration effect can be ignored. 

Finally, it must be emphasized that the theories of both types of penetration 
are only approximate, and that the thermal and meteoritic data may be 
incorrect. The results are therefore liable to error, but it is hoped that the 
numerical conclusions will indicate the correct orders of magnitude of the 
quantities concerned. 
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POWER SUPPLIES FOR AN INSTRUMENT 
CARRYING SATELLITE 


Now that serious thought is being given to the design of an instrument- 
carrying satellite vehicle it is essential that full advantage be taken of the latest 
advances in all fields of science. One of the most important features of this 
vehicle will be the source of power required to operate the instruments and the 
transmitter which reli-ys the information obtained to the Earth’s surface. Such 
a power supply must obviously have a life of many years, without attention, 
and four recent announcements give valuable help towards the realization of 
such a supply. 

Two of them concern inventions which aim at obtaining useful electric power 
from the radioactive decay of Strontium-90. This isotope is one of the more 
abundant products of th:: fission of uranium and should be in plentiful supply. 
It is a highly active source: of beta-rays, which are high energy electrons ejected 
from the atoms at a considerable speed, and are able to penetrate an appreciable 
thickness of solid matter. 

If a particle of Si ® is suspended by an insulating support inside an evacuated 
sphere it is found that the potential difference between the particle and the 
sphere builds up to hund: ds of kilovolts as a result of loss of negative charge by 
the particle, and its gain by the surrounding sphere. 

In 1951 a project wis started to obtain increased reliability by substituting 
a solid insulator for th: vacuum dielectric, but results were not encouraging 
since all the materi:.ls th n tested deteriorated under the effects of radiation. 

Recently'it has been found that polystyrene can be used and, in fact, improves 
in insulating properties with time. An ‘‘atomic battery’”’ has been designed and 
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tested in the laboratory. It contains 10 millicurie of Sr® in a polystyrene 
capsule $ in. in diameter and } in. in length with a 3 in. thick wall. One 
electrical connection goes to the strontium by a fine wire, the other is made to 
an aluminium cup which surrounds the capsule and absorbs the emitted electrons. 
The volume of the unit is brought up to 1 cu. in. by the lead shielding required 
to reduce radiation from the unit to a safe level, and an outer layer of insulation. 
Beta rays emitted from the Sr® give a total current of 120 micro-micro-amperes, 
two-thirds of which is lost by absorption in the polystyrene capsule and the 
remainder, 40upA, is the output current of the cell on short circuit. On open 
circuit the voltage rises to 7,000 V, a limit imposed by the insulation resistance 
of the cell. 

Such batteries give a source of electricity which has a long life even under 
extreme conditions of temperature and pressure. The output of the battery 
described would decrease slowly with time according to the isotope used; Sr® 
has a half life of 25 years and the tests of the polystyrene show that its life in 
the above cell should be considerably longer. Where small currents are required 
at a very high voltage these cells should give smaller, lighter and cheaper power 
than is obtainable by any other method. 

The power provided by these cells is difficult to apply to conventional 
electronic circuits. The second form of atomic battery? uses a radioactive source 
on one side of a wafer of semiconductor material and a transistor-type junction 
on the other side. Strontium-90 is again used as atomic power source, and is 
applied as a thin layer to one side of the semiconductor, which may be of 
germanium or silicon. The semiconductor is bombarded by several million 
electrons per second, each of which releases on an average 200,000 more from the 
material. These flow across the transistor junction and produce a potential 
difference which can be applied to an external circuit. When demonstrated in 
the U.S.A. recently a unit about }in. in diameter and }in. long produced 
5 microamperes at } volt, which was sufficient to operate a transistor tone 
generator coupled to an earphone. 

The efficiency so far obtained is 1 per cent., but it seems possible that this 
could be increased until 10 per cent. of the energy of the beta-particles is utilized. 
Such batteries are compact and robust, have a long life (e.g. the 25-year half life 
of Strontium-90) and are specially appropriate for use as power supplies for 
transistor circuits. 

Another demonstration® in the U.S.A. was of a power generating photocell 
which uses silicon as a semiconductor. A strip of this material 2 in. long and 
4 in. wide has a carefully controlled amount of a particular “impurity” intro- 
duced into its surface layers to a depth of one ten-thousandth of an inch. 
Electrical connections are made to the surface layer and the underlying strip, 
and each square centimetre of the cell can then produce 24 milliamperes at $ volt 
in direct sunlight. This represents 6 per cent. of the total energy of the Sun’s 
light and the inventors claim that it may ultimately be possible to increase the 

efficiency to 22 per cent. Even in thcir present state of development the cclls 
far outstrip conventional photocells end thermocouple power converters in 
performance. 
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A unit little larger than a man’s hand was shown providing the whole power 
required by a transmitter having a range of several miles. 

The fourth of these news-items* concerns a new type of secondary cell which 
has now become available for commercial use. Its active materials are nickel 
and cadmium in an electrolyte of potassium hydroxide. The battery’s unique 
properties are due to the sintered construction of the porous plates. The active 
forms of nickel and cadmium are deposited in microscopic pores electro- 
chemically, and provide literally hundreds of square feet of working area. The 
plates have smooth surfaces and can be packed together with only thin separators. 

The comparison with conventional accumulators of similar capacity is 
interesting. They are about one-third to one-half the size, have from five to ten 
times the working life, a much wider range of operating temperatures, and 
greater resistance to all forms of ill-treatment. They are said to be invulnerable 
to shock and vibration, and can be overcharged or short-circuited without 
damage. 

One great advantage where cells are required to operate without attention 
is that the gases produced under controlled charging conditions recombine inside 
the cell, and so the need for the periodic addition of water is eliminated. Even 
under conditions of rough usage they require no more than a few drops of water 


each year. 


REFERENCES 
(1) Nucleonics, Vol. 11 (12), December, 1953, pp. 42—45. 
(2) Mechanical Engineering, Vol. 76 (3), March, 1954, pp. 265, 266. 
(3) Electronics, Vol. 27 (6), June, 1954, pp. 196, 198. 
(4) Mechanical Engineering, Vol. 76 (2), February, 1954, pp. 174-176. 


21st Anniversary Celebrations. 
Members will find with this Journal a special circular giving details of the 21st 
Anniversary Celebrations, and it is hoped that all who can do so will support this 


noteworthy event. 
Details of celebrations in branches are being issued as a separate circular to 


Branch Members. 





ARMSTRONG SIDDELEY MOTORS LIMITED 


As a result of the creation of a separate Rocket Division of | 
| Armstrong Siddeley Motors, opportunities exist in a new and interesting | 
field of engineering. Applicants should have an appropriate Degree | 
of Higher National Certificate. Previous experience in this work is not | 
| essential if the applicant has enthusiasm and ability. Vacancies exist 
in all grades of the following positions :— 
TECHNICAL ASSISTANTS, DESIGNERS, DRAUGHTSMEN 


Apply to Reference SA.2—Rockets, Technical Personnel Manager, | 
Armstrong Siddeley Motors, Coventry. 
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NOTES AND NEWS 
Dr. Shepherd lectures in Holland 


On 17th June our Chairman, Dr. L. R. Shepherd, was invited to give a 
talk on interplanetary flight by the British Embassy, The Hague, in connection 
with the “British Week”’ held at Maastricht, in the south of Holland. 


Examination Questions in Astronautics 

We were very interested to receive the following questions which were set at 
the final examination, June, 1954 (Special Course), at Norwich Training College, 
held under the auspices of the Cambridge Institute of Education. 

We are reproducing them below for the benefit of those of our members who 
may wish to attempt a solution ! 


PART 1 
[The following constants may be used: 


The gravitational constant y = 1-05 x 10~-* poundal units. 

Mass of the Earth = 6 x 10" tons. 

Radius of the Earth = 3,960 miles. 

Mass of the Moon 1/81 (Mass of the Earth). 

Radius of the Moon = 0-27 (radius of the Earth). 

(11) From the gravitational law F = at deduce an approximate value for g at the surface of the Earth 
( 


YM . 
R at the surface of a sphere of mass M and radius R. 

Deduce that the force of gravity at the Moon’s surface is approximately g/6, where g has the usual terrestria 
value 


(12) Prove the relationship g 


(13) Set up (without solving) the differential equations which lead to a general solution of the path of a planet 
round the Sun. . 
Hence show that the imaginary line joining the planet to the Sun sweeps out equal areas in equal times. 


(14) Establish the equation of rocket flight 
Ve=cl (< 
= ¢ 10g. —_ 
be m 
where V is the final velocity attained, ¢ is the velocity of the exhaust gases, and M/m is the “‘mass-ratio” of initial 
mass to “‘all-burned” mass. 


Show that a rocket reaching a velocity three times the exhaust velocity would need about 95 per cent. of its 
mass made up of fuel. 


PART 2 
(12) Show that the velocity of escape from the Moon is about 0-21 times the velocity of escape from the Earth. 
What bearing has this on (i) the lack of atmosphere on the Moon, (ii) the return Moon-Earth journey? 
(13) A satellite vehicle is revolving with velocity v in a circular orbit distant A from the centre of the Earth 
If the Earth's radius is R, show that v* = i ° 
Deduce that near the Earth’s surface this velocity is about 5 miles per sec. 


(14) Show that the work done in removing a particle of mass m from the surface of the Earth (mass M and 
radius R) to a height h above its surface is 


1 1 
ES. See 
mgR (i Raa} 
Deduce that the velocity of escape from the Earth is / 2gR and show that this velocity is approximately 7 miles 


per sec. 


Sociedad Argentina Interplanetaria 

The idea of forming an Argentine Society was first discussed by a group of 
four people in 1946, and in 1947 Eng. Tabanera visited the United Kingdom to 
discuss support from the B.1.S. for the formation of such a group. 

In 1951 the S.A.I. was formed, with an original membership of 14 people, 
and now has about 215 members. The President of the S.A.I. is Eng. T. M. 
Tabanera, with Mr. A. C. Rietti as Vice-President. 
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A number of papers have been presented to meetings of the S.A.I., and six 
issues of its Bulletin have been published to date, though this is not yet in 
regular publication owing to restricted finances. 

Recently, a small group of young members of the S.A.I. designed a com- 
bustion chamber under the technical direction of Dr. Waltz and Eng. Drygalla 
and attempts are being made to interest Argentine Army and other authorities 


in this type of research. 


“Viking No. 11” 

The U.S. Navy’s “Viking No. 11” reached an altitude of 158 miles on May 24, 
1954, and so established a new record for single-stage rockets. 

The launching was made at White Sands after many weeks of preparation 
by a crew made up of engineers from the U.S. Naval Research Laboratory and 
the Glenn L. Martin Co. 

After final tests in a hanger on the edge of the sweltering desert, the 74-ton, 
42 ft. long rocket was towed to its launching stand, where hundreds of gallons 
of liquid oxygen and ethyl! alcohol were pumped into its tanks. 

The rocket, which reached a maximum speed of 4,300 miles per hour, carried 
a payload of 700 Ib. of instruments, which telemetered back data on the upper 
atmosphere to ground stations. 


“Technical” Notes 

The following gives some idea of the occasional humorous items received 
at H.Q. 

(a) A recent letter enclosed a diagram of a space ship which was to be 
350 ft. long and have a crew of 150! 

(b) A news report states that Mr. Rickenbacker, Chairman of the United 
States Eastern Airlines Board, considers that space ships big enough to carry 
2,500 people will become a reality within twenty years. 

(c) “Members of the Scientific Society recently constructed a rocket to 
reach an altitude of 2 miles. Owing to a minor miscalculation, the launching 
platform collapsed and the rocket sizzled on the ground. (It is understood 
that the experiment ended with several members of the group demanding 
the resignation of their Technical Director).’’-—(News Item.) 

(d) Extract from another letter to H.Q.: 

“In 1950 a certain film was shown at public cinemas called ‘Destination 
Moon.”’ We took the design, modified it, added to it, and subtracted from 
it. We arrived at the below... .” 


Erratum 

It is regretted that an error appears in Mr. Gatland’s article “Progress 
towards Astronautics,” in the May, 1954, Journal. The asterisk shown at the 
foot of page 150 should have appeared after the word “objective,”’ line 8 (from 
bottom) on page 161 of that issue. 





worlds in space 


(by martin caidin, with illustrations by fred. 1. wolff. henry holt and company. 
new york. 212pp. $4.95.) 

There are some capital letters in the text—so don’t be put off by the title 
pages! The title is a little misleading and doesn’t suggest its full-blooded inter- 
planetary scope. The announcement on the back cover is more explicit—the 
book “‘is both exciting reading and a complete picture of space travel presented 
in three dimensions: yesterday, to-day and to-morrow’”’ (!) 

“Yesterday” starts in the early 1940s and the achievements of the V2 and 
White Sands are well told. The chapter on space medicine is above average 
quality and as an example of the general imaginative detail, describes the 
intriguing problem of eating in space flight and the need for special space-spoons. 
On the other hand, the gory details of explosive decompression are surely more 
at home in a space fiction comic. 

The style can be much criticised, viz.: unfettered American journalese which 
intrudes into every page, and which detracts from the otherwise good impression 
and is not in fact necessary to maintain excitement and interest. 

All aspects of space travel are gone into in detail and acknowledgement is 
made to the work of some members of the B.I.S., who will recognize some of 
their schemes in the illustrations. 

There are a few errors: a 275-inch T.V. screen (p. 17), a velocity of 1 g. (p. 47), 
anda deceleration factor of 1 g. (p.90)._ The explanation of gravitational and inert 
mass was far from clear and occasional verbiage would be better removed, e.g. 
“the sharp sweepback of the delta allow(s) smooth airflow at the height of 
turbulence at Mach I speeds!” What on earth does that really mean? One 
minor query about Fig. 45—why go to all the trouble to take a hand-held cine 
camera out of a spaceship to photograph the Moon when it could be so much 
more conveniently done from inside? 

The photographs and illustrations are particularly well done. The book is 
comprehensive and the author has gone to a lot of trouble to secure his facts, 
which are up-to-date and generally sound. It is non-mathematical and affords 
a good introduction to the subject, but is not likely to appeal to the expert. 

The book is well produced with clear type and attractive cover but, like so 
many American volumes, is very expensive. J. E. ALLEN. 





21st Anniversary Souvenir Postcards 

« [omark the Society’s 21st Anniversary, a special set of rocket postcards 
have been issued, size 4} in. by 5{ in. and are available at 3s. per set, post 
free. 

They comprise the following :— 
(a) ‘‘Viking’’ No. 9. (@) WAC-Corporal and V2 booster rocket. 
(b) Experimental ‘‘Hermes’’ rocket (e) ‘“‘Viking”’ in firing position. 
missile. 

(c) ‘‘Viking’”’ being fired at White Sands. (f/f) WAC-Corporal and launching tower. 
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